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THE EMISSION OF NITROGEN AND HYDROGEN 
IN THE INFRARED 


A. H. Prunp 


The following is a preliminary note on results obtained from a study 
of the infrared emission of the above gases, excited to luminosity in a 
vacuum tube and studied by means of a rock-salt spectrometer and a 
vacuum thermopile. 

The vacuum tube was of the tl type, the over-all length being 
150 cm. The bore was about 10 mm and the radiation was taken out 
“end on” from the lower horizontal portion which was closed with a 
rock-salt window. The tube was excited by alternating current from a 
5 K.V.A. transformer. The spectrometer, which was of the usual 
Wadsworth type,! was equipped with concave mirrors of 35 cm focal 
length. Immediately behind the second slit, a single junction vacuum 
thermopile of the type developed by the writer? was mounted. Usually 
the vacuum was maintained sufficiently high (by means of the charvoal- 
evacuator’) to withstand a potential difference, applied to the electrodes 
of the charcoal-evacuator, equivalent ‘to a 10 cm alternative spark-gap. 
A Leeds and Northrup high sensitivity galvanometer, operated at a 


scale distance of 5 meters, was connected to the thermopile. 

While the immediate purpose of this work was to search for a spectral 
series of hydrogen beyond that discovered by Brackett,’ it was deemed 
advisable to test the performance of the apparatus on some gas which 
had been studied previously. For this purpose, nitrogen was chosen. 
The results obtained by Coblentz’ are shown in Fig. 1. 


' Pfund. Astrophys. J., 24, p. 21; 1906. 
* Pfund. Phys. Zeit., 13, p. 870; 1912. 
Pfund. loc. cit. 
* Brackett. Astrophys., J., 56, p. 159; 1923. 
*Coblentz. Investigations of Infrared Spectra. /, p. 6, 317. 
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For the present work a continuous stream of the gas was allowed to 
enter the tube through the usual long capillary. By drawing out the 
capillary a trifle too fine and by cutting down the speed of the pump by 
means of a stop-cock, inserted between tube and pump, the pressure in 
the tube could be regulated to yield the maximum emission for the 
voltage applied. Purification of the (atmospheric) nitrogen was ef- 
fected by means of a mixture of pyrogallol and KOH through which 
the gas was allowed to bubble. No trace offfthe ordinarily vigorous 
CO, emission bands was found in the spectrum. 
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The results obtained for a slit-width of 0.3 mm are shown in Fig. 2. 
From this it is clear that the band structure, suggested by Coblentz’s 
results, is shown to exist strikingly. These bands are undoubtedly 
composed of innumerable fine lines which are not here resolved. While 
no immediate importance is therefore attached to the wave-lengths 
of the maxima or minima, it may be stated that the maxima lie at: 
0.59, 0.68, 0.78, 0.90, 1.06, and 1.20u. These values, with the exception 
of the last, which was not observed by him, are in substantial agreement 
with those of Coblentz. No prominent lines or bands were observed at 
greater wave-lengths. 

Since these bands extend only slightly beyond 1, their detailed 
structure might be revealed by infrared photography. This work 
is to be taken up shortly. 

For the study of hydrogen, the same apparatus was used. Both 
spectrometer slits, however, were widened to 1.5mm. In consequence 
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of the smaller dispersion and greater thermopile sensitivity, a general 
sensitivity several times as great as that employed by Brackett was 
obtained (deflections as large as 250 mm were realized for Ha). A 
qualitative survey of the spectrum revealed the prominent Paschen‘® 
and Brackett’ lines. After much labor, the tube was finally brought 
to the “black” stage® and the region between 5 and 10u was explored 
jor new lines. This region offers difficulties because of the strong radia- 
tion from the walls of the discharge tube. Furthermore, electrostatic 
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disturbances, due to the starting and stopping of the discharge made 
the reading of small deflections difficult. The procedure finally adopted 
was to run the tube continuously and to record galvanometer readings 
at various spectrometer settings. 

A typical series of deflections is plotted in Fig. 3. Superposed upon 
the vigorous continuous spectrum of the hot tube radiation is a small 
maximum, at 7.404. This maximum appeared only when the tube was: 
in the “black” stage i.e. in the absence of the secondary spectrum. 
A careful search for a similarly situated maximum in the radiation from 
the hot tube (in the absence of discharge) gave negative results. It is 
therefore certain that the maximum in question is due to the radiating 
gas itself. 


*Paschen. Ann. d. Phys., 27, p. 537; 1908. 
7 Brackett. loc. cit. 
8 Wood. Phil. Mag., 42, p. 729; 1921. 
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Upon the basis of Bohr’s theory, a calculation was carried out for the 
wave-length emitted upon the falling back of an electron from the 6th 
to the 5th ring. The precise formula used was: 


1 rT 2 1 
—- = 109,677.7 |—- -—_} m=5, m=6 
r n> m3? 


and the resulting wave-length of this line came out as \=7.46u. In 
view of the fact that the observed maximum was found at 7.40u—no 
great accuracy being claimed for wave-length measurements—it seems 
probable that the line found is the first member of the new series repre- 
sented by the above formula. 
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For the sake of completeness, the wave-lengths of the first lines of the 
various series belonging to hydrogen are here recorded: 








X-ray 
Series designation r mi | m2 
Lyman K 0.1216 u 1 | 2 
Balmer L 0.6563 u 2¢ 3 
Paschen M 1.875 yp 3 4 
Brackett ™ N 4.05 yp 4 5 
New re O 746 5 6 


Jouns Hopkins UNIVERSITY, 
May, 1924. 




















ON THE EFFECT OF SMALL PARTICLES IN THE 
VITREOUS HUMOR 


By A. A. MICHELSON 


The appearance of “floating motes,’ as they may be called for 
want of a better designation, is doubtless a familiar phenomenon 
though of so fleeting a character as to escape notice unless the attention 
is directed to its observation. This is rather difficult on account of the 
fact that the ‘‘motes”’ are very rarely in the field of the fovea, and the 
attempt is accompanied by the exasperating effort to catch them, 
notwithstanding the knowledge that the faster the eye moves in this 
effort the faster do the motes fly out of the field of vision. 

This indicates that the appearance is due to the impression produced 
on the retina by the diffraction pattern produced by the presence of 
small particles in the vitreous humor. Their appearance is reproduced 
in Fig. 1. The number and sharpness of the motes visible may be con- 
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siderably increased by placing a small aperture close to the pupil. The 
appearances observed under these conditions are roughly reproduced 
in Fig. 2. 

Much more definite results may be obtained by observing a bright 
point source (sun’s image in a convex mirror) through a short focus lens 
placed so that the image of the source coincides with the center of the 
pupil. The patterns observed in this case are concentric circular fringes 
very similar to Newton’s rings, Fig. 3. The angular diameter is, how- 
ever, very small (from two to ten minutes) so that it is not easy to 


' Since writing this paper I am informed that the phenomenon described is well kn>wn 
under the term muscae volitantes. 
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identify colors; but it is clear that the centers of the ring systems ire 
always bright and that the inner borders of the dark rings are red and 
the outer, blue. The diameters of the rings can only be roughly esti- 
mated and (so far as such estimates are of any value) appear to vary 





Fic. 2 
as the square root of the number of the ring. The total number of rings 
visible depends on the “‘visibility’’ of the ring system, the fainter and 
larger systems showing as many as four or possibly five, while the 
clearer and smaller systems may show only one. 





On the hypothesis that these appearances are caused by minute 
particles suspended in the vitreous humor, illuminated by a small 
source producing diffraction figures on the retina, the following approxi- 
mate calculation shows that most of the phenomena can be accounted 
for. 

Let S be a point source, p the diffracting particle, and gr the retina, 
pr=h. If the particle acts by opacity alone the vibration at g will be 


oo P2 
dS dS 
y = | — cos(nt—mp)— | —— cos(nt—mp) . 
Xp Xp 
h Pi 
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The first integral extends over the entire wave-surface except the small 
area, mr’, of the particle, and is practically’ y:=sin (nt—mh). 
The second extends over the surface, rr of the particle, and if the 
distance A is large compared with the radius of the particle, this 


wr sf . . . , . . 
will be v2 = ry S(w) sin(nt—mp). S(w) is Airy’s integral which, 
° Tr 
for values of w less than 2, may be replaced by e~® where w= , 


S 


p 


——— 





g r 
Fic. 4 
The resultant intensity of the diffraction figure will be approximately 
I =1+A?*+2A cos rha?/d 


h \ mre 
where A = —e 
hh 


The visibility of the diffraction pattern, 


w 





I,;- Ts 2Ao 
“th” 8 
or, if A» is small, 
y , 2rr* 
ee hh 


The visibility varies directly as the area of the particle and inversely 
as the distance from the retina. 

If the hypothesis is correct the same formulae should apply to the 
diffraction figures observed in a microscope when the diffracting particle 
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r 
is out of focus. The results of a series of observations agree fairly well 
with the calculation except for values of 4 which are not large com- 
pared with r, as was to be expected. 

Following is a table of results of a series of observations of the dis 
tances h which gave a visibility of 0.50 with particles of various sizes: 








P , V= (A=0. 00055) 
0015 .05 | .51 
0020 12 | .38 
0025 .10 .70 
0035 29 .48 
0040 50 36 


The mean is V =0.49, showing that the assumptions leading to the 
expression for V are essentially correct. 
The angular semi-diameter of the bright rings as viewed from the 
: h 
particle is given by a*=2mnd/h, whence the visual angle will be 6=—« 
j 
in which f is the focal length of the eye, whence 


1 aioe 
6, = — V2ndh emi.2,3: 
/ 


The semi-diameter of the dark rings corresponding ton =1/2,3/2, . . . 
will be in the proportion 1/1, y 3, V5, etc., which agrees with observa 
tion. 

The number of rings observed will be Jimited by the falling off of 
intensity with w. If the limit of visibility corresponds to (1/e)?, w=1, 
whence 





r : 
a=— = V2nv/h, 
rr 
and 
= hh 1 
2n°r? xV 


If 6,, the angular semi-diameter of the first ring, and V, the visibility, 
be given, the distance and size of the particle may be found. Thus if 
6,=.001 (which is about the average value observed) and f=25 mm, 
= .00055 mm, then from /A\=/*, h=1.1 mm, the distance of the 
particle from the retina. If V, the visibility, is 0.5, r? =/°V/2, giving 
for the radius of the particle, r=0.007 mm. 


UNIVERSITY OF CHICAGO, 
Cuicaco ILLINo!s. 

















THE INTRINSIC INTENSITY AND POLARIZATION 
OF LIGHT AFTER PASSAGE THROUGH 
DEEP SLITS 
By L. P. Stec 


Some three years ago A. T. Fant and myself’ made a brief investiga- 
tion of the intrinsic intensity possessed by light after passage through 
deep slits or channels between polished steel walls. A rough calculation 
indicated that our results agreed fairly well with theory. Later 
Mr. C. R. Smith? under my direction undertook a similar problem in 
which work he used, in addition to steel, Cu, Ag, Au, and Ni for the 
walls of the deep channels, applying these latter substances to the 
orig’nal steel by successive electrodeposition. He obtained distinct 
variations among the different metals used, which at the time of per- 
forming the experiments had not been checked by any theory. In order 
to obtain a check on Smith’s results, and in order to investigate the 
phenomenon of polarization arising from the passage of light through 
these deep channels, I have somewhat revised and extended the 
simple theory given previously.* 

The only similar work that I can discover, and which only remotely 
resembles the presen’ problem, is found in two papers by the late Lord 
Rayleigh. In these papers the passage of waves through perfectly 
conducting, infinitely thin slits, whose breadth, 26, is of the order of, or 
less than, the wave-length of light, was discussed. That problem, as 
Rayleigh states, is extremely difficult, so difficult in fact that he had to 
resort to rather laborious numerical calculations in order to arrive at his 
results. The present problem is even less amenable to exact rigorous 
calculation. Powever, a fairly rough, though apparently physically 
sound method, that agrees fairly well with experiment, where there have 
been experiments to test the matter, is here discussed. In addition the 
theory enables one to predict the per cent of polarization of the trans- 
mitted light. It is hoped in the near future to test this latter aspect by 
direct experiment. 

Referring to Fig. 1, L denotes the depth of the channel, w its width, 
# an angle of diffraction of a pencil of light from a random point in the 

' Sieg, L. P. and. A. T. Fant, J: O. S. A., 5, p. 218; 1921. 

*Smith, C. R., J.O.S. A. and R. S. 1., 7, p. 1069; 1923 

Sieg and Fant. Loc. cit. 

‘ Rayleigh. Roy. Soc. Lond. Proc., A, 89, p. 194; 1913-14. Phil. Mag., 43, p. 259; 1897 
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opening of the slit, and m the number of reflections of this pencil be/ore 
emergence. It is fairly obvious that with a given angle of diffraction 
not all the light over the width of the slit will suffer the same number 
of reflections. However, in any given case, a certain portion of the 
wave will have m reflections, while the remainder will have m+1 retlec- 
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Fic. 1. Intensity of light diffracted from a narrow slit. Diagram of deep slit, showing relations 
among width and depth of slit, the angle of diffraction, and the number of reflections. 


tions. The relative intensity of light diffracted in a certain direction 
is given by the well-known expression, sin* a/a’, where a is an auxiliary 
angle given by 
mw . 
a = — sin 0 (1 
ny 


where \ is the wave-length of the light. It is easily seen that 


mw 
6 = tan~'—- (2 
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since @ is usually small one can substitute tan 6 for sin @ and we have 
from equations (1) and (2), 

m = “ (3) 
In the same Fig. 1, we have the usual curve where the relative intensity 
/ is plotted against the angle a. The area under the curve from 0 to 
is 0.52, and from 0 to x is approximately .457. Hence if we let a vary 
merely from 0 to x we shall be accounting for most of the total intensity 
of the diffracted light. The limiting angle 6 corresponding to a= 
is easily seen from (1) to be given by 

sin o= * (4) 

At this point, the solution of the problem of finding the intrinsic 

intensity and the state of polarization of light passing through a 
typical deep slit can best be explained by considering two typical 
examples. Suppose we are dealing with a slit between steel jaws, 
w=0.0001 cm, }\=.00006 cm and L=0.1 cm. From (3) we find, for 
a=n,that m=600. The extreme diffracted light thus suffers 600 reflec- 
tions. It would appear at first thought that no light could suffer 600 
reflections and still possess any. intensity, but we must remember that 
we are dealing with angles of incidence approaching grazing incidence, 
and that for such angles the reflecting power of even ordinary reflectors 
is nearly unity. To be sure, in this case we easily see that we cannot go 
as far as 600 reflections but we shall use as many as 96. The results are 
arranged as shown in Table 1. 











TABLeE-1 

a | | 

x m 6° ¢° =90+0° h Ri Ru fewhRatuwh te 
| 

0 0 0 90 0.5 1.00° 1.00° 500 | .500 

02 12 0.75 89 25 | 0.49 ggi2 883 | .441 111 

04 24 1.50 88.50 | 0.48 98324 7724 329 001 

06 36 2.25 87.75 0.48 98% 685" | .226 

08 48 3.00 87.00 0.47 97% 613% | 111 

10 | 60 | 3.69 86.31 0.46 966" 553” | .058 

12 72 4.43 85.57 0.45 967 | 023 

14 | 84 5.17 84.83 0 44 95 | .006 

16 96 5.91 84.09 0.44 942” 001 


The column headed a contains certain values of a from 0 to such a 
value (in this case .167) that will not yield too large a value for m. 
Under m we have the number of reflections corresponding to the various 
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values of a. @ is the angle of incidence corresponding to the angle of 
diffraction, @. his 1/2 the mean ordinate of the curve of Fig. 1. It isa 
measure of the intensity of the light diffracted through the angle #. . 
The half ordinate is selected, because it is assumed that half the incident 
intensity is due to light with the electric vector parallel to the length 
of the slit, and half perpendicular to the length. On viewing it in 
another way, half the light has its electric vector perpendicular to the 
plane of incidence, and half parallel to it. The columns headed R ani 
R,, represent the reflecting powers of steel at the given angles of ‘n 
cidence for the electric vector perpendicular and parallel respectively 
to the plane of incidence. These values for R are obtained from th 
well-known expressions® 
n*(1+-x?) —2n cos¢+cos* 
” n? (1+«?)+2n cos ¢+ cos’? 
n? (1+«?) cos*@—2n cos ¢+1 
a n?(1+x?) cos? 64-2n cos +1 
These values of R for steel for three wave lengths, 0.325u, 0.600u, and 
1.5u are plotted in Fig. 2, for certain angles of incidence. In equations 
(5) and (6), m represents the index of refraction, x the coefficient of 
absorption, and ¢ the angle of incidence. The columns of Table 1 
headed J, and /,, are formed by multiplying together the appropriate 
values of hand R. Specifically, the number .329 in the column under R 
means that for this particular pencil, diffracted at 1.5°, there were 24 
reflections; the coefficient of reflection is .983, and the half ordinate of 
the curve of Fig. 1 is 0.48. Thus this particular pencil of light emerges 
with an intensity given by 0.48 x .983", or .329. The corresponding 
emergent intensity of the pencil vibrating in the plane of incidence is 
only .001. Thus the relatively strong polarization of this particular 
pencil is accounted for. Now we can look upon the numbers in the 
columns headed J and J as ordinates of two curves, the abscissas 
being given by the values ofa. The ratio of the sum of the areas under 
these two curves from a=0 to the highest value of a used to the area 
under the curve of Fig. 1 will give the intensity of the transmitted light 
relative to that of the incident light. Again the ratio of the difference 
of the areas under the two J curves to their sum will give the fraction of 
polarization of the transmitted light. Resorting to our example in 
Table 1, we can get the areas under the J curves sufficiently well by 








(6 











5 Winkelmann, Handb. d. Phys. ist Ed. p. 824. 
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taking the means of the ordinates in pairs, multiplying each mean 
by the base (in this case .027) and summing the products; or 
what amounts to the same thing, summing the means, and multiplying 
the sum by .027. Performing this operation we have >{J,,|=1.454 and 
‘| ,] =0.366, where the brackets indicate that means are used. Mul- 
tiplying each of these by .027 we have the two relative intensities 
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Fic. 2. The coefficients of reflection of steel for large angles of incidence, for the electric vector 
both perpendicular, and parallel to the plane of incidence. List of optical constants for which 
these reflection coefficients are calculated. 


.0291% and .0072% respectively. Adding these and dividing by 0.457, 
the area under the curve of Fig. 1 from a=0 toa=7, we get .081 ora 
transmission of 8.1% of the incident intrinsic intensity. Dividing the 
difference of .02912 and .00727 by their sum, and expressing in per cent, 
we get a percentage of polarization of 60.3. This same method is 
followed for all cases where m is large. Where m is small the procedure 
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is somewhat different, as will be illustrated by the following case, the 
details of which are given in Table 2. 

Again dealing with steel, let L =0.0025 cm, w=0.0001 cm, and ) = 
0.00006 cm. We find, as shown above, that m for a= 7 is 15, and @ for 
this value of a is 36.9°. 





TABLE 2. 

a/x om e° : h R, | & 

7 aa ct Se Vee cen or aes St a 
0 | 0 | 0 =%|90 +|0.5 | (1.000)° (1.000)° 
0.1) 1.5 | 3.69 | 86.31 | 0.46 | .5(.968)'+.5(.968) .5(.550)!+.5(550)? 
0.2 | 3.0| 7.38 | 83.62 | 0.43 | (.926)3 (.340)? 
0.3 | 4.5 | 11.07 | 78.93 | 0.36 | .5(.890)*+.5(.890)* -5(.280)*+.5(280)° 
0.4 | 6.0 14.76 | 75.24 | 0.28 | (.863)§ 
0.5 | 7.5 | 18.45 | 71.55 | 0.20 | .5(.833)?+.5(.833)* 
0.6 9.0 | 22.14 | 67.86 | 0.13 | (.805)* 


0.7 | 10.5 | 25.83 | 64.17 | 0.07 | .5(.780)"°+.5(.780)" 
| 12.0 | 29.52 | 60.48 | 0.03 | (.755)12 
0.9 | 13.5 | 33.21 | 56.79 | 0.005 | .5(.730)*+.5(.730)" 


1.0 | 15.0 | 36.90! 53.1010  |0 


Table 2 is not complete for it is intended to illustrate merely the 
variation in procedure from that discussed in connection with Table 1. 
For example under the column headed “R,’’, the second line, we note 
that we have to deal with m=1.5, i.e., one and one-half reflections. 
This is equivalent to saying that 0.5 of the incident wave front suffers 
one reflection, and 0.5 of it two reflections. Had m been 2.37 we should 
have had 0.63 of the wave front reflecting two times and 0.37 of it 
reflecting three times. The remainder of the procedure is now clear. 
We obtain the value as listed under the R columns, multiply each by 
the proper /, and form the 7, and /,, columns (not shown in the table). 
Then the areas are found under these two J curves as before. The result 
for this case gives a transmitted intensity of 43.2%, and a percentage 
of polarization of 51.2. The reflecting coefficients for the various 
angles of incidence, ¢, are calculated by formulas (5) and (6). The 
reflecting coefficients for certain large values of @ for the metals Cu. 
Au, Ag, Ni, Fe, and Si are plotted in Fig. 3. On this same figure are 
listed the per cent transmission and per cent polarization for all these 
substances where in each case the wave-length is 0.64, L =1 cm, and 
w=.001 cm. It will be noted what appears as obvious, that the 
greater the difference between the R, and R,, coefficients, the greater 
the percentage of polarization, whereas the percentage cf transmission 
is proportional to the absolute magnitudes of R, and R,. Thus a slit 


Pee 








Ot 

















aS 





Sept., 1924] PASSAGE OF LiGHT THROUGH DEEP SLITS 207 


having silicon jaws would produce the greatest polarization, gold the 
least; and silver and silicon, of the substances tested, would represent 
the extremes of transmission. 
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Fic. 3. Coefficients of reflection with the electric vector both parallel and perpendicular to the 
plane of incidence for the substances Cu, Au, Ag, Ni, Fe, and Si. Also table of per cent trans- 
mission and polarization for these substances for a given deep slit. 


It is interesting to compare the variation of polarization and trans- 
mission, with the separate variation of the three variables, A, L, and w. 
These variations for steel are shown respectively in Figs. 4, 5, and 6. 
In Fig. 4, we note that the polarization increases with the increase of 
wave-length in the range chosen, whereas the transmission decreases. 
We note (Fig. 5) asimilar variation in these two quantities when L is 
the variable. If one wanted, for example, to design a deep slit for large 
polarization coupled with a fairly large transmission, he would have 
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to choose some intermediate length. Large intensity and high per cent 
of polarization are not simultaneously consistent. In Fig. 6 we note 
that the polarization decreases rapidly with increasing width, wheres 
the transmission increases from 0 to its final constant value of unity 
only after a certain relatively large width of jaws. 
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Fic. 4. The transmission and polarization with a given deep slit, as the wave-length d is varied 


Fic. 5. The transmission and polarization with a given deep slit, as the 
depth L of the slit is varied. 

The results for transmission as indicated in Figs. 5 and 6 have been 
well verified®; those of Fig. 4 for transmiss’on are not in agreement with 
experiment. No experimental results for polarization have been ob- 
tained. It is hoped to try these soon to see if they will check the above 
calculations. Recently Smith’ performed some experiments in this 
laboratory, the results of which should, if our theory is correct, be com- 
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Fic. 6. The transmission and polarization with a given deep slit, as the 
width W of the slit is varied. 
parable with the results for transmission listed in the table shown in 
Fig. 3. The agreement between these is not very satisfactory. It must 
be noted, however, that the calculated results are all based on certain 
optical constants for these various metals. Our tables of optical 
constants show wide var ations in these constants among the results of 
different observers. Dealing as we do with large angles of incidence, 


® Sieg and Fant. Loc. cit. 
7Smith. Loc. cit. 
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the reflecting coefficients must be very sensitive to conditions as they 
are no doubt very much dependent upon the state of the reflecting sur- 
face-—its polish, contamination, scratches, etc. 

This problem has probably but little practical importance. It does 
lend us a bit of caution in measuring polarization and intensity of a 
source of light by means of any apparatus by which the light is made to 
pass at any point through a fine or a deep slit, as this slit itself intro- 
duces its own selective changes in both intensity and polarization. 

Tue UNIVERSITY or Iowa, 

May, 1924. 


Measurement of the Birefringence of Optical Glasses.—lIn spite 
of the annealling to which it is subjected optical glass always retains 
some birefringence. It is advantageous to be able to define and measure 
this phenomenon. 

The specimen to be measured is prepared in the form of a plate with 
parallel sides. The two rectilinear vibrations which traverse the plate 
without alteration have, on emerging, a certain path difference between 
them. If this difference of path is 

A=ph 

the quantity p is a simple number which can be directly determined 
by experiment. If m and m’ are the two indices corresponding to the 
two vibrations and e the thickness of the plate A=(n’—n)e or n’—n= 
pre. It is this quantity that defines the birefringence of the substance 
in the direction considered, and it is deduced at once from the value 
of p given by experiment. If the measurement is made with white light 
one adopts for \ the value 0.56. 

A study of various methods was made with the apparatus arranged 
as follows: 

1. A source of light, such as a strong incandescent bulb diaphragmed, 
or a mercury arc provided with a yellow filter which then gives a light 
sufficiently monochromatic. 

2. A polarizer of the Glazebrook type with normal faces. 

3. The plate of glass to be studied carried on a support permitting of 
rotation about the optical axis of the apparatus and the determination 
of its orientation on a divided circle. 

4. The apparatus for measurement. 

5. An analyzer of the same type as the polarizer and provided with 
means for determining its orientation. 

The following methods were studied: 

1. Babinet Compensator —One reads the position of the black fringe 
without the slab of glass in place, and then measures the displacement 
of the fringe on introducing the slab. Good results are obtained when 
the birefringence is strong but for the weak birefringence of good 
optical glass the precision is insufficient. 
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2. Quarter Wave Plate-——One places the slab of glass so that the 
privileged directions of vibration are at 45° to the incident vibration, 
and the quarter wave plate so that one of its axes shall be paralle! to 
one of the same vibrations. The analyzer is then set for extinction, and 
one reads the angle through which it must be turned for extinction 
when the slab is removed. For weak birefringences the rotation is small 
and the method lacks precision. 

3. Compression Compensator. —This is a carefully prepared block of 
glass in a holder with which definite pressure may be imposed on the 
glass. The relation between pressure and wave retardation is deter- 
mined experimentally. Such a compensator is very sensitive for meas- 
urement of small values. 

4. Quartz Plate cut Perpendicular to Axis ——This is used as a com- 
pensator by measuring the rotation from the normal plane required to 
compensate the birefringence of the slab. For desirable characteristics 
the plate of quartz must be very thin. 

Preference is expressed for the compression compensator. [Henri 
Boissier, Revue d’Optique, 2, pp. 107-113; 1923.| G. W. Morrrrt 


Detection and Study of extremely thin Films of Silver on Glass 
and on Quartz.—These films are produced by heating a platinum wire, 
initially covered (by electrolysis) with a silver film 2 to 4y thick, and 
heated by current until the silver atoms have all evaporated off. Those 
which pass through a hole 50 to 200 in diameter, pierced in a screen 
1.5 cm distant, are received on a glass or quartz plate 1 cm beyond the 
screen. The thickness of the (central spot of the) film formed on the 
plate is calculated from the thickness of the original film and from the 
geometry of the system, assuming that the silver atoms depart from 
the wire surface in all directions according to the Lambert cosine law, 
and that on striking the plate they all adhere to it without reflection. 
The plate is then placed in a 1-2% solution of hydroquinone diluted 
with some “gummi arabicum,” to which a few drops of a 1% silver 
nitrate solution are added. After a few minutes the silver film becomes 
visible; the more distinctly the thicker it is. The thinnest films actually 
discerned by this method are calculated to be .025my thick; films 
.019 my thick were made but did not become visible on the plates. 
Development by Langmuir’s device of exposing the plates to Cd vapor 
was also tried, and may make yet thinner films visible but was found 
less convenient. Estermann examined films, formed in a similar 
manner upon quartz, with an ultramicroscope. Films of “thickness” 
0.3 wu, ie. one-tenth of a monomolecular layer, showed distinct aggre- 
gations of molecules into long narrow crystals, some of which are photo- 
graphed. It is deduced that when atoms are deposited from a vapor 
upon a solid surface, they wander around over the surface until several 
form into a group; for which there is other evidence —[J. Estermann 
and O. Stern, Hamburg; ZS. f. Phys. Chem., 106, pp. 399-402; 1923. 
J. Estermann; ibid. pp. 403-406.] Kart K. Darrow 























THE VISIBILITY OF THE SPECTRUM* 
By Sevic Hecut** 


Anyone acquainted with the field of physiological optics knows that 
there exists a staggering mass of literature describing different phases of 
the subject. The number of published papers runs easily into tens of 
thousands. It is therefore with much trepidation that one presumes to 
write a paper concerned with the phenomena of vision. My hope 
however, in doing so, is not to add to the existing material, but rather 
to subtract from it. If one can succeed in bringing a number of scat- 
tered phenomena into orderly arrangement, one decreases by so much 
the welter of unrelated facts that constitutes the present literature of 
visual science. What has given me the courage to try this is the 
simplicity of the ideas with which I propose to deal. 

The existing theories of vision, particularly the more recent ones, are 
too inclusive. In attempting to explain everything, they have suc- 
ceeded in explaining nothing. If it were possible to reach the eager 
makers of new theories of vision, I should plead with them to cease 
spinning webs of shimmering words—even such fashionable words as 
quantum and photoelectric,—and urge them to turn their energies to 
the painstaking investigation of visual phenomena under conditions 
calculated to answer definite and simple questions. It would certainly 
seem that more is to be gained by the rigorously quantitative treatment 
of a small field in a concrete manner than by the multiplication of 
vaguely general and obviously inadequate theories of which there are 
already far too many. 

The present paper is an attempt to deal with certain simple phenom- 
ena of vision in terms of some elementary principles of photochemistry. 
No effort will be made to bewilder the reader by presenting to him the 
entire structure of modern physics. Neither the experimental facts to 
be presented nor their photochemical implications involve any but the 
simplest concepts. 

I 


One of the most familiar facts in the physiology of vision is that the 
different colors of the spectrum possess different degrees of brightness. 
* This article contains the substance of an evening lecture delivered at Woods Hole. 
References to the original literature and the methods and data of the experiments will be 


found in a recent article in the Journal of General Physiology. 
** National Research Fellow. 
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Nearly everyone, on looking at an ordinary spectrum which shows 
the usual violet, blue, green, yellow, orange, and red will say that 
yellow is its brightest color, and that the colors on either side become 
less and less bright as one looks toward the ends of the spectrum. 
These differences in brightness persist even when care is taken tosecure 
a spectrum in which all the colors possess exactly the same content of 
radiant energy. This bas been known for many years, and indeed has 
been the subject of much investigation, especially in recent years with 
the advent of new needs and methcds for the photometry of differently 
colored lights. From this work it appears that the brightest part of the 
spectrum is the light whose wave length is about 555my, a point which 
lies in the yellow-green. 

There are a number of facts, which, though closely connected with 
those just described, are however, hardly known outside the circle of 
people directly connected with the study of vision. Perhaps the most 
striking of these is the existence of a colorless spectrum. When the 
visible spectrum is reduced to a very low intensity, it loses its colors. 
This is easily demonstrated. All that is necessary is a dark room and a 
spectroscope arranged in such a way that the source of light is properly 
screened out. The spectrum is allowed to fall on a sheet of whit 
paper, and its intensity is changed by bringing the paper nearer or 
farther from the ocular. As the intensity is gradually diminished, first 
one and then another color drops out, and finally, the spectrum, which 
has just been a brilliant band of beautiful hues, becomes a drab band of 
colorless gray. 

This colorless spectrum,—colorless and spectrum sound like a con- 
tradiction in terms,—is similar to its colorful progenitor, in that it too 
is not uniformly bright. Its central portion is distinctly brighter 
than the two ends. However, even a rough examination shows that 
the brightest part of this colorless band is not in the same place as in 
the bright, colorful spectrum. Although this position of maximal 
brightness has been known accurately for many years in the case of 
the colored spectrum, it has only recently been determined accurately 
in the colorless spectrum. It is found to be at 511my a point that corre- 
sponds to blue-green in the colored spectrum. The transition between 
the two kinds of spectra, colored and colorless, is gradual. As the 
intensity is decreased, and the colors become dim, the maximum of 
brightness shifts gradually from the yellow-green toward the blue-green, 
and when the colors finally disappear, it remains in the now colorless 











) 





Sept., 1924 VISIBILITY OF SPECTRUM 213 


blue-green. This gradual shift was observed many years ago by Pur- 
kinje, and has been named after him the Purkinje effect. 

There are two questions that may be raised with regard to these 
curious facts. The first asks why it is that the spectral colors are not 
uniformly bright. Why, for example, does a yellow patch of light al- 
ways seem brighter than a blue or a red, even if care is taken to see that 
both patches radiate the same amount of energy into the eye? More- 
over, why, even when no colors are visible, do the different portions 
show up in different degrees of brightness? In short, what is there in 
the visual mechanism that accounts for the brightness of the spectrum? 
The second question is almost a corollary to the first. What is"re- 
sponsible for the difference in the position of maximum brightness 
between the bright, colored spectrum and the dim, colorless spectrum? 
In other words, what is the cause of the Purkinje effect? 

Before attempting to explain the curious phenomena just described, 
it is necessary to acquaint the reader with certain of their quantitative 
aspects. It would be interesting to be able to say how much brighter 
one color is than another. Unfortunately the eye is incapable of doing 
this. The eye can judge that one color is brighter than another but it 
cannot tell how much brighter. The eye, however, can tell quite well 
when two colored patches are of equal brightness. The expedient has 
therefore been adopted of measuring the relative energy emitted into 
the eye by two patches of color which the eye judges to be of the same 
brightness. Similarly, with the colorless spectrum, measurements are 
made of the relative energy radiated into the eye by two portions of the 
spectrum which appear to be of identical brightness. 

In this way, results like those in Fig. 1 are secured. The left hand 
curve gives the results for the dim, colorless spectrum, while the right 
hand curve gives them for the bright, colored spectrum. For con- 
venience the amount of energy necessary to secure a given brightness 
at the point of maximum brightness is made equal to 10 units in both 
curves. The “colorless” curve shows how much energy relatively, is 
necessary for any portion of the spectrum to produce a given brightness 
sensation in the eye. The same is true for the “colored” curve. The 
actual brightness is of course not the same in the two cases; it is very 
much greater in the colored spectrum,—being way beyond the bright- 
ness that gives a maximum Purkinje effect. The curves simply present 
graphically and quantitatively the facts which were described qualita- 
tively above, and prepare the way for the considerations which follow. 
For reasons that will become apparent, it will be expedient to consider 
first the visibility of the colorless spectrum. 
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II 


There is a dictum as old as photochemistry itself that light can be 
effective only when it is absorbed. Our retinas must therefore possess 
a substance which absorbs the light of the visible spectrum. It is the 
light energy absorbed by this substance which produces the chemical 
processes necessary to set off the impulse in the optic nerve. Let us 
assume that in order to produce a given sensation of brightness, it is 
necessary that this substance should absorb a given amount of energy. 
This is an almost self evident assumption, because it merely says that 
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Fic. 1. The relative energy necessary in different parts of the spectrum to produce a given 
brightness, at very low intensities (solid curve) where the spectrum is colorless, and at high inten 
sities (broken curve) where the spectrum possesses its usual colors. 


to produce the same amount of photochemical activity, the same 
amount of outside light energy must be absorbed by the sensitive 
substance of the retina. Let it be recalled that we are dealing with a 
colorless spectrum, in the vision of which there is only one variable in 


sensation,—brightness. Colors are not visible at all, only d fferences 
in brightness. 
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There is another dictum in photochemistry which states that a 
substance does not absorb equally well the light from the different 
parts of the spectrum. Some substances absorb only the red; others 
only the green; others still different portions. As a result we have the 
variagated colors and shades of natural objects and dyes. There are a 
number of ways of describing the powers of absorption of a substance. 
The simplest is in terms of an absorption coefficient a which is merely 
the ratio of the absorbed light 7, to the incident light J/;. This gives 
that 

Ta 


a= — 
Ti 


where a =1 when absorption is complete, and a is a fraction less than 1, 
when absorption is only partial. 
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Fic. 2. General shape of a simple absorption band in the visible spectrum. 


It is possible to measure the absorption of a substance for light from 
every portion of the spectrum. When this is done for substances 
possessing a simp’e type of absorption, one gets data which may be 
represented by Fig. 2. On the horizontal abscissas we have the spec- 
trum, and on the vertical ordinates we have the degree of absorption, 
or absorption coefficient corresponding to every part of the spectrum. 
The absorption in this imaginary case is maximal at the point 1 and 
tapers off at either side to almost nothing. Such absorption curves 
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are quite simple and are very common in all classes of substances ani| 
in all parts of the spectrum, even in the ultraviolet and in the infrared. 
The substance in the retina which absorbs the light from the visible 
spectrum may probably have an absorption curve similar to that in 
Fig. 2. 

We have assumed that in order to cause a definite brightness sensa- 
tion, this substance must absorb a given amount of energy from the 
outside light. Call this amount of energy E. On referring to Fig. 2, it 
is apparent that at the point 1 in the spectrum, there will be absorbed 
100 per cent of the incident light. Therefore, in order for the substance 
to absorb E units of light, it will be necessary for the incident light to 
be only £ units also. At points 2 and 3, however, the case is different. 
Here a=0.5, and only 50 per cent of the incident light is absorbed. 
Therefore if E units are to be absorbed by the substance in order to 
produce the given brightness, it will be necessary for the incident light 
to have an intensity of 2E. Similarly, at the points 4 and 5, a=0.25, 
and the absorption is only 25 per cent; and if E units are to be absorbed 
at this wave-length, the incident light will have to be 4£. 

Referring to the formula given above for the absorption, we may now 
write that E=/,, that is, that the absorbed light is equal to E. The 
equation then becomes, 

E 
a=— 
Ii 
which in words means that the absorption coefficient of the substance 
in the eye is inversely proportional to the incident light necessary for 
the absorption of a given amount of energy E. The absorption of the 
constant amount £ will produce a constant brightness sensation. 
Therefore, since E is constant, the absorption coefficient of the sensitive 
substance in the eye will be proportional to the reciprocal of the 
amount of energy needed to produce a given brightness in the eye. 


We possess in Fig. 1, the experimentally measured amounts of light 
which are necessary to produce a given brightness sensation. There- 
fore, if our reasoning has been correct, the reciprocal of these amounts 
of incident light should give us a curve similar to that of Fig. 2, repre- 
senting the absorption spectrum of the sensitive substance in the retina. 
The left hand curve in Fig. 3 shows that this actually happens. The 
curve possesses the familiar shape of the absorption spectrum of numer- 
ous well known and carefully investigated substances. The individual 
curves for these substances vary not only in extent—some being nar- 
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rower than others,—but particularly in position on the spectrum. 
Their general shape is, however, the same. 

We are now in a position to answer our first question. The reason 
that portions of the spectrum differ in brightness is due to the fact 
that the sensitive substance in the eye has such an absorption curve 
that some parts of the spectrum are more readily absorbed than others. 
Referring to Fig. 3, it is plain that both ends of the visible spectrum 
are much less absorbed than the center. Therefore, even though the 
spectrum may be arranged to be equal in energy throughout, more of 
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Fic. 3. Visibility curves for colorless and color vision. The ordinates, which are the reciproca!s 
of those in Fig. 1, are proportional to the absorplion coefficients of the sensitive substances in the 
retina. The low intensity curve is therefore the absorption spectrum of the sensitive substance in the 
rods, while the high intensity curve is the absorption spectrum of the sensitive substance in the cones , 


that energy will be absorbed in the center at 511my than anywhere else; 
and since more energy absorbed means more chemical action in the 
retina, the center of the spectrum will be the brightest portion, the 
other parts varying in brightness depending on their respective absorp- 
tion. 


Ill 


If we consider the brightness of the colored spectrum from the same 
point of view as we have just considered the colorless spectrum, we 
arrive at a surprising fact. Taking the reciprocals of the data in Fig. 1 
for the colored spectrum, we get the curve to the right in Fig. 3. Even 
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on superficial examination the two curves of Fig. 3 appear to be similar. 
Careful testing shows them to be practically identical. They differ 
merely in position, the ‘‘colored’’ curve being an average of 48my farth:r 
toward the red than the “colorless’’ curve. 

This identity of the two curves is quite significant. The ideas by 
means of which we arrived at the curve of the colorless spectrum involve 
the notion of the presence in the retina of a single substance possessing 
a simple absorption band. In the brightness of the colored spectrum 
we find a curve which is identical with the colorless spectrum curve. 
The obvious conclusion would seem to be that the brightness percep- 
tion of the colored spectrum, too, is an expression of the photo- 
chemical properties of a single substance possessing a simple ab- 
sorption band in the visible. Let it be emphasized that nothing has 
been said about the perception of color. That is still in the deepest 
mystery, though the recent work of Weigert has offered some stimulat 
ing suggestions. So far we speak only of the sensation of brightness 
produced by the colored spectrum. And it seems reasonable to con 
clude that this brightness, irrespective of color, depends on the ab 
sorption properties of a single substance in the retina. 

The measurements with the colored spectrum are made with the cen 
trally located fovea of the retina, which contains only cones. It has 
been known for years that these cones contain the machinery for the 
seeing of colors. Therefore it is in the cones that we will find the sensi- 
tive substance, which is responsible for the brightness of colors, and 
whose absorption band is shown in Fig. 3. Such a substance must be 
in the cones. In order to see, certain photochemical processes must 
take place in the cones; therefore, energy has to be absorbed; and there 
must be a substance which will absorb this energy in such a way as to 
give the curve in Fig. 3. 

IV 

Having answered the first question, namely, why it is that different 
portions of the spectrum normally produce different sensations of 
brightness, let us consider the second question. This is concerned with 
finding the reason for the difference in position of the maximum 
brightness in the colored and colorless spectrum. The measurements of 
the brightness of the colorless spectrum are made with the rods of the 
eye. Therefore the substance concerned with the absorption of light 
of the colorless spectrum is in the rods. We thus have two mechanisms 
concerned with brightness perception. One is in the cones and one is 
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in the rods. The absorption maximum of the one is at 555my, and the 
absorption maximum of the other is at 511my, in the conditions in which 
they occur in the cones and rods respectively. It is curious that these 
two mechanisms should show practically identical absorption curves, 
differing merely in position by about 48muy. 

There are three logical possibilities for the relationship of the sensi- 
tive substances in these two mechanisms. They may be widely different 
substances; they may be very similar substances differing slightly in 
the position of some group in the molecule; they may be the same 
substance. The first possibility of complete divergence does not seem 
sensible. Substances which have similar functions in organisms are 
generally similar chemically, for example, the hemoglobins and chloro- 
phylls from vastly different groups. The second possibility of near 
relationship is very plausible. If it were true,—and our data give us 
no means of deciding for or against it,—it would be merely a significant 
fact to record and to spectulate upon. The third possibility of identity 
however, offers some rather interesting and toa certain extent, stimulat- 
ing situations. 

According to this idea we have the same substance showing an ab- 
sorption band which is in two different positions depending on whether 
the substance is present in the rods or in the cones. Are such substances 
known, and what are the conditions which control the position of the 
maximum of absorption? 

Some fifty years ago Kundt noticed that the refraction of a solvent 
has a d'stinct influence on the position of the absorption band of a sub- 
stance dissolved in it. Since his time this work has been extended and 
the relation between the refractive index of a solvent and the position 
of the band of a dissolved substance has been confirmed. In its most 
general form Kundt’s rule may be stated as follows. If one colorless 
solvent has a greater refracting or dispersing capacity than a second, 
then the absorption bands of a substance dissolved in the first will be 
nearer the red end of the spectrum than when dissolved in the second. 
Kundt’s rule has had a particular field of support in the sensitizing 
effects of certain dyes on the photographic plate. It was found that the 
maximum of sensitivity of the photographic plate does not correspond 
with the maximum of absorption of the added dye. The maximum of 
sensitivity is distinctly shifted toward the red. Careful work by Eder 
showed that this shift is due to the actual position of the absorption 
maximum of the dye in the condition in which it is dissolved in the 
silver bromide grains. Eder obtained shifts toward the red varying 
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from 15my to as high as 65my. The refractive index of a silver bromide 
grain is very much higher than that of water,—which therefore makes 
the phenomena correspond to Kundt’s rule. 

What has already been said is enough to show how the same sub- 
stance could give the two bands in Fig. 3, 48my apart, depending on the 
refractive index of the medium in which it is dissolved. The rods and 
cones are two distinct media. It is therefore conceivable that the 
cones are more refractive than the rods, and that the same substance 
dissolved in the cones would have its absorption band shifted strongly 
toward the red in comparison with its position in the rods. 

V 

There is an interesting experimental possibility which follows from 
the association of Kundt’s rule with the visual mechanism. In the rods 
there is a photosensitive substance which is present in sufficient con- 
centration to be visible in the isolated retina, and even in the living eye 
under proper conditions of observation. This substance is kngwn as 
visual purple. As present in the retina and when extracted from it, vis- 
ual purple shows a remarkable sensitivity to light. Undoubtedly 
visual purple is concerned with the visual] functions of the rods. If 
this is true, the absorption spectrum of visual purple should be iden- 
tical with the one which we derived from the brightness characteristics 
of the colorless spectrum for the hypothetical sensitive substance in the 
rods. This is almost a logical necessity,—but not quite. The terminal 
segments of the rods, in which the visual purple is dissolved, are fairlv 
dense, and highly refractive bodies,—much more so, for example, than 
water. If we may argue from Kundt’s rule, the position of the absorp 
tion maximum of visual purple in the rods will not be the same as that 
in solution in water. The absorption band of visual purple in the rods 
should be shifted toward the red, because the medium is.much more 
refractive than water. The brightness sensitivity of the rods to the 
colorless spectrum should, therefore, just like the sensitivity of a stained 
photographic plate, be farther toward the red than would be expected 
from the position of the absorption spectrum of visual purple as meas- 
ured in water solution. 

The experimental evidence supports this expectation to the fullest 
extent. The absorption spectrum of visual purple in solution has been 
measured several times. The most accurate of the measurements are 
those.of Kéttgen and Abelsdorff. They are presented in Fig. 4. The 
continuous curve with the small circles is the brightness visibility curve 
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of the colorless spectrum taken directly from Fig. 3, and according to 
our reasoning represents the absorption spectrum of visual purple in the 
condition in which it is dissolved in the rods. The other points and the 
broken line are the data of Kéttgen and Abelsdorff for the visual purple 
of the monkey and the rabbit. It is apparent that the absorption 
spectrum of visual purple in the rods is definitely and consistently 
farther toward the red than in water solution. The two curves are, 
however, identical, and represent no doubt the same substance in two 
different media obeying Kundt’s rule. 
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Fic. 4. Relation between the absorption spectrum of visual purple in watery solution and the 
absorplion spectrum of the sensitive substance in the rods as given by the visibility curve in Fig. 3. 
Though the two curves are obviously identical,the visibility curve is shi fled 7 or 8 mp toward the 
red, as would be expected in terms of Kundt’s rule. 


I have studied carefully all the published experiments relating to the 
visibility of the colorless spectrum and the absorption spectrum of visual 
purple in solution. In every case the results show this shift of about 
7 or 8my, and always in the same direction, toward the red. In going 
over the literature I found one apparent exception to this in Fig. 1 of 
Parsons’ book on Color Vision. On examining the source of the curves 
in Trendelenburg’s original article, it became apparent that Parsons 
had accidentally mislabelled the two curves. When properly labelled, 
these data show the shift in the same direction as all others. Its truth 
is therefore not to be questioned. 








nN 
Nm 
nN 


SELIG HECHT |J.0.S.A. & R.S.1., 9 
VI 

The answer to the two questions which were raised in the beginning 
of this paper can now be expressed simply in terms of an hypothesis. 
The brightness of the spectrum,—its visibility, in short,—depends on 
the relative absorption of spectral light by a substance in the eye. This 
photosensitive substance is visual purple. Its absorption spectrum in 
watery solution has a maximum at 503my. Dissolved in the more 
refractive rods, its maximum becomes shifted to 511my, and in this 
situation it controls the brightness of the colorless spectrum. Dissolved 
in the hypothetically still more refractive cones, the absorption maxi- 


mum shifts to 555my, and in this condition controls the brightness of 
the colored spectrum. 


I have suggested this as an hypothesis to correlate the relevant 
facts in a simple and concrete manner. The usefulness of this hypoth- 
esis however will depend mainly on the results of experiments which 
follow directly from it. Some of these experiments are now being 
carried out. 

DEPARTMENT OF PHYSICAL CHEMISTRY, 

LABORATORIES OF PHYSIOLOGY, 
HARVARD MEDICAL SCHOOL, Boston. 


Comparison of Electron Emission from Incidence and Emer- 
gence Sides of a thin metal Film irradiated by X-rays.—Thin 
films of platinum deposited by cathode sputtering on one face of a thin 
plate of celluloid or carbon (0.4 mm thick) were suspended in a highly 
evacuated tube, connected to an electrometer, irradiated by 78000 volt 
x-rays incident alternately on the two faces of the plates, and the rate 
of charging up of the electrometer determined in each case. The elec- 
trons were gathered up by a cylindrical collecting electrode almost 
entirely enclosing the plate, and charged alternately to the same poten- 
tial as the plate and to 50 or 100 volts below it. The thickest film was 
estimated as being 15my thick, by an (inaccurate) optical process; the 
thinnest film took 1/20 as long in being sputtered and was assumed to 
be 1/20 as thick. More electrons are emitted on the emergence side 
than on the incidence side, the maximum value of the ratio being 1.14; 
the disproportion is accentuated when only electrons faster than 100 
volts are allowed to escape from the film, being as high as 1.33. The 
ratio approaches unity as thinner films are substituted, which may mean 
that it is essentially a difference in initial speed and not in initial quan- 
tity of electrons emitted in the two directions from the atoms. A few 
measurements on Al and Cu give the same result.—[W. Seitz; Ann. d. 
Phys. 73, pp. 182-189; 1924.] 


K. K. Darrow 

















\BERRATION OF LIGHT IN TERMS OF THE THEORY OF 
RELATIVITY AS ILLUSTRATED ON A 
CONE AND A PYRAMID* 


By VLADIMIR KARAPETOFF 


ABSTRACT 

\ ray of light is propagated in the XY plane and its angle with the X-axis is determined 
by two observers, S and S’, who are in relative motion to each other along the X-axis at a 
velocity g (expressed as a fraction of the velocity of light). If the angles measured by them 
are 6 and 6’, then it is proved that tan}é/tan}5’=cos(45°+4a)/cos(45°—4a), where 
Sin a=q. This relationship is interpreted geometrically by means of a cone in oblique co 
ordinates. The axes of coordinates are X, Y, and time 7. The 7 and X axes are different 
for the two observers, and the four axes 7, X, T’, X', form a Lorentzian Plane to which JV is 
perpendicular. The properties of the cone are considered in detail and a mechanical model 
of the cone, built of wood and iron, is described. At a desired velocity g, one can compare 
directly the angles 6 and 6’. It is also shown that the relationship between the angles 6, 4’, 
and a can be represented on a pyramid. References are made to other articles by the same 
writer, in which oblique axes are also used for the solution of problems in the theory of rela- 
tivity. 

Sometime ago the present writer showed that in the simplest case of 
a uniform motion of a point along the direction of a uniform relative 
motion of two observers, the Lorentz-Einstein equations of transfor- 
mation of coordinates correspond to a change from one set of oblique 
coordinates to another. He has also built a two-dimensional mechanical 
model on which this fundamental relativity transformation is directly 
conveyed to the eye. In this model time and space are used as oblique 
coordinates.' Following a similar Jine of reasoning, the author has 
also shown that the relativity transformation of the vectors of electric 
and magnetic intensities in a plane electromagnetic wave can be 
conveniently represented in oblique coordinates.” 


1. STATEMENT OF THE PROBLEM 

In the present article it will be shown that it is possible to represent 
a ray of light (or a point moving at the velocity of light) by means of 
a three-dimensional construction in Euclidean space, in oblique coordi- 
nates, using time as the third dimension. This gives a cone as a locus, 
and knowing the angle at which one of the observers sees the ray, the 
corresponding angle for the other observer canbe immediately drawn 
or computed. In other words, the problem of aberration of light in 

* Presented before the American Physical Society, Washington, D. C., April 25, 1924. 

'‘ For a popular description of this model see Science and Invention, 11, p. 442; 1923. 


* The Physical Review, 23, p. 239; 1924 
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terms of theory of relativity has been reduced to a simple geometric 
relationship. A three-dimensional model has been constructed on which 
this relationship is directly conveyed to the eye. 

The problem of aberration is shown schematically in Fig. 1. Two 
observers, S and S’, move at a uniform relative velocity g with respect 
to each other, along the YX’ axis. They observe a ray of light in the 
XY plane, common to both. The S observer finds the ray, R, to be at 
an angle 6 to the line of motion XX’, while the S’ observer finds the 
same ray to be R’, at a different angle, 6’, to YX’. The problem is to 
find the relationship between 6 and 6’, for a given g. 








\ 


Fic. 1. The problem of aberration of light. 


2. THE LORENTZIAN PLANE 
Let x, y, ¢ be the space and time coordinates for the S observer, and 
let x’, y’, t’ be those for the S’ observer. Then the usual Lorentz- 
Einstein equations of transformation are 
t= Bll! + (q/c*)x') (1) 
x =B(x’ + qt’) (2) 
y= (3) 
B =c/(c? — g*)** (4) 
where c is the velocity of light.* We shall take c =1 and shall introduce 
an angle a such that 
sina = gq (5) 
where the velocity g is now expressed as a fraction of the velocity of 
light. Eqs. (1) and (2) then become 
tcosa = t’ + x’ sina (6) 
xcosa = x’ +/'sina (7) 


3 See, for example, O. W. Richardson, Te Electron Theory of Matter, p. 300; 1916. 
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These equations have the following simple geometric meaning (Fig. 2). 
Let OX and OT be the space and time axes used by the S observer to 
plot his results, the angle between these axes being 90°+a. Let X’ 
and 7’ be the corresponding axes for the S’ observer, at an angle of 
90°—a. Let OB be the common or universal bisector of both sets of 
axes. When the relative velocity g equals zero, the two sets of axes 
coincide and become an orthogonal system X,OT7», at 45° to OB. As q 
increases, the axes OX and OT move outward, while OX’ and OT’ 
approach OB. 


/ 
AKA / 





Universal B 
D/L sector 





Fic 2. The Lorentzian Plane. 


We shall furthermore assume that the scales for time and for dis- 
tances are the same, so that if one centimeter represents a unit of 
length, it also represents a unit of time. 

Consider a point A whose coordinates are x, t, x’, t’. We have 

EA = C'A + EC’ (8) 
OL = OC’ + C'L (9) 
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It will be readily seen from the right triangles that these relations are 
identical with eqs. (6) and (7), so that the two systems of coordinates 
in Fig. 2 are in accord with the fundamental equations of restricted 
relativity. This means that an “event” which is correctly represented 
by point A for the observer S, is also correctly represented by the same 
point for the S’ observer. 

The plane containing the foregoing four axes has been named by the 
author the Lorentzian Plane. It is understood of course that this plane 
is only a “‘computing”’ plane in which the results of observation are 
plotted, and not the plane in which the phenomenon of aberration 
actually takes place. 


3. THE UNIVERSAL BisEcToR OB 1s A WorRLD LINE OF A POINT 
MOVING AT THE VELOCITY OF LIGHT 


It is of interest to note that OB in Fig. 2 is the space-time locus of a 
point moving at a velocity of light along the X X’ axis (Fig. 1). Lay 
off OF =unit time and draw FD parallel to OX. From the geometry of 
the figure, FD =unit distance, the triangle OFD being isosceles, so 
that OF =FD=1. Therefore, for any point on OB, x =t, and the 
velocity x/t =1. Since we have assumed the velocity of light c =1, OB 
represents the space-time locus of a point which for the S observer is 
moving at the velocity of light and which passes through the origin 
O at the instant ¢=0. Drawing now the triangle OF’D’ for the S’ 
observer we satisfy ourselves that for him also OB is the time-space 
locus (the world line) of a point which to him seems to move at the 
velocity of light. 

We thus arrive at the familiar paradoxical statement of the theory 
of relativity that a point which for an observer moves at the velocity 
of light, moves at that velocity for any other observer, no matter what 
the relative velocity of the second observer with respect to the first. 
Instead of accepting this statement as a fundamental assumption of 
the theory of relativity, we have deduced it from the feregoing arrange- 
ment of the axes of coordinates in the Lorentzian Plane. Of course, this 
is no proof of the proposition itself, since the axes have been originally 
selected to include this result. 

For points moving at the velocity of light in the negative direction, 
the negative bisector, OB,, is the space-time line. The length FD, on 
the velocity line is equal to FD. 
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4. THE BISECTOR CONE 


The Lorentzian Plane interprets only eqs. (1) and (2), and in order to 
consider also eq. (3) we shall add a Y-axis perpendicular to the Lorentzian 
Plane. According to eq. (3), values of y are the same as of y’, so that this 
axis is common for both observers. All the axes for both observers are 
shown in Fig. 3, the main notation being the same as in Fig. 2. Fig. 3 
is a quantitative representation of the space-time relations to scale, 
and not merely a “qualitative picture’. This figure has been drawn 
in an isometric projection, with OY at 135° to OB and with the dimen- 
sions parallel to OY contracted to one half of their true values. For 
example, the radius Ff of the semi-circle is shown equal to one-half 
of its true value, which is FD. 

In Fig. 2 the universal bisector OB represents the space-time locus of 
a point moving at the velocity of light in the positive direction of the 
X-axis, while the negative bisector, OB,, represents the space-time locus 
of a point moving at the same velocity in the negative direction of the 
X-axis. In both cases the point passes through the origin at the instant 
t=O. In Fig. 3 it is necessary to represent a point moving at the 
velocity of light in any direction in the XY plane (Fig. 1), and passing 
through the origin at the instant ¢ =O. With the space representation 
in Fig. 3, any straight line passing through the origin is the world line 
of a point which moves at a uniform velocity in the XY plane (Fig. 1), 
with the condition that x =y =O whent =O. This is because for such a 
line both x and y increase in proportion to ¢. It remains therefore to 
select only such straight lines for which 


Vx? + y=t. (10) 
This condition is a special case of the equation 
r=c. (11) 


where r is the distance covered by the point in the XY plane, and c is 
the velocity of light. In this treatment c is assumed to be equal to 1, 
and replacing r by its projections, eq. (10) is obtained. This equation 
squared gives 

e+y=f (12) 
which is the equation of a cone in the semi-oblique system of coordinates 
XYT. When t is constant, that is, in planes parallel to the XY plane 
(Fig. 3) the cross-sections of the cone are circles with centers on the 
T-axis. When t =1, x?+, =r’ =1, so that the radius of the circle is then 


* See, for example, Snyder and Sisam_ Analytic Geometry of Space, index under “Cone.” 





228 VLADIMIR KARAPETOFF [J-0.S.A. & R.S.1., 9 





equal to the velocity of light. The semi-circle D,fg'D represents that 
half of the velocity circle which lies in the direction of the positive Y-axis, 
and has the velocity scale DD, (Fig. 2) for its diameter. Any generator 
of the cone, such as ogg’, represents a point moving at the velocity of 
light in the XY plane (Fig. 1). The angle DFg =4 is the angle between 
the direction of the motion of this point and the X-axis. 


pb 


, = 











Fic. 3. The bisector cone. 


In accordance with the fundamental principle of relativity, the S’ 
observer should also find the velocity corresponding to the line Og’ 
equal to 1. Hence, the cross-section of the same cone by a plane 
parallel to the X’OY plane, at the distance OF’ =1, must also be a 
circle of radius 1 (see proof below). The semi-circle D’,g’g’D’ is part 
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of this circle. For one and the same ray, Ogg’, the S observer measures 
the angle DFg =6, while the S’ observer finds the angle D’F’g’ =3’. 
Thus, the cone with its two circular cross-sections gives a quantitative 
visual representation of the problem of aberration. This cone, as 
actually represented by a mechanical model, is shown in Fig. 6. 


5. THE CONE REFERRED TO THE AXEs B, B,, AND Y 


The equation of the cone in the X YT system of coordinates is given 
by eq. (12). To find the equation of the same cone in the X'YT’ system, 
we substitute the values of x and ¢ from eqs. (6) and (7) in eq. (12). 
Remembering that y =’, we find after reduction that 

x’? 4 y'? = 72 (13) 
This equation is identical in its form with eq. (12) and we therefore 
conclude that the cross-section of the cone parallel to the X’Y plane, 
at the distance ¢’ =1, is also a circle or radius 1.° 

It would be a mistake, however, to consider the surface itself to be a 
straight circular cone, in the usual sense of the word. In order better 
to see the shape of the cone, we shall now transform its equation to the 
orthogonal system of “‘common’”’ coordinates OB, OB,, and OY. Let 
the ordinates along OB be denoted by b, and those along B, by n. Then, 
using the familiar expressions of analytic geometry for transformation 
of oblique coordinates in the BOB, plane (not a relativity transforma- 
tion) we get :* 


x sin 2y = bsiny — ncos y (14) 
isin 2y = bsin y + n cos y (15) 
In these expressions the angle y is that shown in Figs. 2 and 3, namely 
y = 45° + 4a ; (16) 

The corresponding angle for the S’ observer is 
vy’ = 45° — 3a (17) 


Substituting expressions (14) and (15) in eq. (12), we get after 
reduction: 


y* sin 2y = 2bn (18) 
Instead of y, the angle a can also be used from eq. (16). We then get 
y? cos a = 2bn (19) 


This is the equation of the cone in common or bisector coordinates 
b and n,. 


5 The foregoing proof is, of course, but a particular case of the invariancy of the expression 
e+y+2?—Cf, when z=0. 
® See, for example, Seaver’s Mathematical Handbook, p. 143, formulae 1342, 
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Eq. (19) being symmetrical with respect to b and n, the cone has an 
axis of symmetry ON, at 45 degrees to both OB and OB,. In order to 
find the shape of the cross-section of the cone in a plane normal to ON, 
we turn the axes OB and OB, clockwise by 45°, so that OB, coincides 
with ON. If the new coordinates are b’ and n’, we have 


b = (n’ +b!) / V2 (20) 
n = (n’ — b’) / V2 (21) 

Substituting these values in eq. (19), we get 
y? cosa + 6b? = n” (22) 


In other words, the normal cross-section is an ellipse, and the ratio of 


its axes is as 1 to V cos a, the major axis being in the Y-direction. 
When a =O, the normal cross-section becomes a circle. 

While the length of the major axis of the ellipse is a function of the 
angle a, that is, of the relative velocity g of the two observers, the two 
circular cross-sections are preserved, and only the angle between them 
changes with g. This property of the cone is taken advantage of in the 
model (Fig. 6) in that each semi-circle forms a frame to which the bars 
which represent rays of light are attached. 


6. THE RELATIONSHIP BETWEEN THE ANGLES ¥; AND 6 


For each ray of light in Fig. 3, such as Og, there is a vertex angle 
vy; =gOT; our next problem is to find a relationship between +, and 6. 
These angles are shown in Fig. 4, the cone itself being omitted. The 
various axes and the ray Og are the same as in Fig. 3. TCEO is the 
plane through the ray and through the axis OT. The plane gFD con- 
tains the circle Dg’D, (Fig. 3) and is parallel to the XY plane. The 
irregular tetrahedron OgFD has three sides equal to 1. Hence, if a 
sphere of radius 1 be described with F as a center, the points O, g, D will 
lie on the sphere. Imagine therefore a spherical triangle with the 
vertices at O, g, and D. Since the plane gFD is perpendicular to OTA X, 
the angle at D in the spherical triangle is that between two mutually 
perpendicular diametral planes. The triangle FgO being isosceles, the 
angle at F is equal to 180°—2y,. The triangle FOD is also isosceles and 
the angle at F is equal to 180°—2y. Applying a fundamental formula 
of spherical trigonometry, we have 


cos (180° — 2¥8) = cos (180° — 2y) cos 6 (23) 


or cos 2¥s = cos 2y cos 6 (24) 
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Since the angle FgO is equal to y,, the angle EQOg is also equal to ¥,, 
and Og bisects the angle EOT. Thus, the cone bisects all the projection 
planes, such as TCEO, for all values of 6 from 0 to 360°. 

For this reason the cone can be properly called the bisector cone. We 
have previously introduced the angle y in the Lorentzian plane, related 














Fic. 4. The angles which determine the direction of a ray of light 


to the velocity angle a by eq. (16). It is now convenient to introduce 
a corresponding angle a, in the plane TCEO, related to y,; by the equa- 
tion 
Ys = 45° + has (25) 
Eq. (24) may then be rewritten in the form 
sin as = sin a cos 6 (26) 
We thus reach the following answer to the problem stated at the 
beginning of this section: The cone bisects all the projection planes 
passing through O7; the vertex angle, 7,;, corresponding to the direction 
angle 6 of the ray, is expressed by eq. (24), or in a different form by 
eq. (26). In the TX plane the vertex angle is 45°+4a and gradually 
decreases to the value of 45° in the plane 7/YO (6 =90°). It then 
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further decreases and reaches its minimum value, equal to 45° — $a, on 
the negative side, B,7, of the Lorentzian plane. 

Similar conclusions may be stated for the observer S’, by replacing 
everywhere +a by —a, and y by 7’. 


7. THe INTRINSIC ORIENTATION ANGLES, 6 AND 6,, OF A Ray 


In Fig. 4, the ray Og may be defined by the following two angles: 
angle @ which the projecting plane, OgH, makes with the bisector 08, 
and the angle of inclination, 6,, between the ray and its trace OH. lt 
is possible to obtain a simple relationship between 6 and 6’ by expressing 
both these angles through @. From the triangle OFH we have 


1 / sin (y + 6) = cos6/ sin (y — 0) = OH / sin 2y (27) 

so that cos 6 sin (y — 8) / sin (y + 8) (28 
From the right triangle Ogh 

OH = sin 6/ tan 6, (29 


Moreover, from eq. (16), sin 2y =cos a. Hence, eqs. (27) and (29 
give 
sin 6 = cos a tan 6, / sin (y + @) (30 
Eq. (28) may also be written in the form 
cos 6 = (sin y cos @ — cos y sin 8) / (sin y cos 8 + cos y sin @) 
from which 
tan 6 = tan y (1 — cos 6) / (1 + cos 6) = tan y tan? } 6 (31 
Because of the general] principle of relativity, a similar equation holds 
true for the S’ observer, so that 
tan@ = tan 7’ (1 — cos 6’) / (1 + cosé’) = tany’ tan?}36’ = (32 


8. Tor LAw oF ABERRATION 


From eqs. (16) and (17), siny =cosy’ and siny’ =cosy, so that 

eqs. (31) and (32) give 
tan 36 / tan 46’ = cos ¥ / cos y’ (33 

This is an expression for the law of aberration, or an analytical! 
relationship between the angles 6 and 6’ in Figs. 1 and 4. Both y and y’ 
are functions of the angle a, in other words, of the relative velocity of 
the two observers. When a =O, 6 =8’' and there is no aberration. 

Usually the law of aberration is given in a somewhat different form 
which can be obtained by equating the middle terms of eqs. (31) and 
(32). Namely, 


tan y (1 — cos 4) / (1 + cosé) = tan y’ (1 — cos 5’) / (1+ cos’) (34) 
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But from trigonometry 


tan y = tan (45° + 4a) = V(1 + sina) / (1 — sina) (35) 


Hence, remembering that tan y =cot y’, eq. (34) becomes 
1+sin a) (1—cos 5) ‘(1+ cos 6) =(1—sin a) (1—cos 8’) (1+c0s6’) (36) 

or, after reduction, 

cos 6’ = (cosé — sina) / (1 — sina cos 4) (37) 
\ccording to eq. (5), sin a is equal to the relative velocity g of the two 
observers, so that eq. (37) becomes 

cos 6’ = (cos 6 — g) / (1 — gq cos) (38) 
(his is the form in which the law of aberration, or the relationship 
between 6 and 4’, is usually given.’ 














Fic. 5. The abcrration pyramid. 


9. THE ABERRATION PYRAMID 
Another graphical interpretation of the law of aberration, as ex- 
pressed by eq. (33), is shown in Fig. 5. ABCDO is a pyramid with a 
rectangular base and with the corner A like that of a cube, i.e., with 
three right angles. The side OAD is perpendicular to the base A BCD. 


’ See, for example, Richardson, /oc. cit., p. 306, eq. (14). 
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Furthermore, the angle AOD =y and DOC =}6, where y and 6 have the 
same meaning as before. Then, if an intermediate cross-section, D’OC ’ 
be drawn, such that the angle AOD’ =y’, the angle D’OC’ will be found 
equal to 46’ and to satisfy eq. (33). For a proof we write 


tan 36 = DC/OD; (39) 
tan 36’ = D’C’/OD’ ; (40 
OD = OA/cos y ; (41) 
OD’ = OA/cos y’ ; (42) 
DC = DC’ (43) 


Dividing the first of these equations by the second, and substituting 
the values from the remaining three equations, eq. (33) is obtained. 


10. AN APPROXIMATE FORMULA FOR ABERRATION 


When the relative velocity g of the two observers is very small as 
compared to that of light, angle a is also very small, and eq. (33) can 
be simplified as follows: In this case the angle 6’ differs but little from 
6 and we can put 6’ =6+A6. Eq. (33) may then be rewritten in the form 

tan 4 (6 + Ad) tan (45° + 3 a) 

tan 36 ~ tan 45° ” 
Subtracting unity from both sides of this equation, and dividing the 
result by }Ad}a, we get 
tan 4(6+A6) —tan 36 1 tan(45°+4a)—tan 45° 1 

3A5 a tan 35 a jad tan 45°. 

With Aé sufficiently small, the first ratio on the left-hand side of this 
expression approaches the value of the derivative of tan 36 with respect 
to 36, that is, the value cos? 36. For the same reason, the first ratio on 
the right-hand side of the equation approaches the value cos®* 45°. 
Therefore, approximately, 


5 


ve 


$a tan 36 cos? 36 = $46 tan 45° cos? 45° , 
or, after simplification, and putting a =q, 
Aé6 = qsiné (46 


11. MECHANICAL MODEL 


The model shown in Fig. 6 corresponds to the geometric construction 
in Fig. 3. The two semi-circles are shaped out of steel bars, 9.5 mm. 
by 2.5 mm., bent to a radius of 37 cm. The extremities of the semi- 
circles slide in slots mutually at right angles and representing OB and 
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OB, in Fig. 3. The two wooden frames, painted red and blue respective- 
ly, represent the YX and YT planes for the two observers. The semi- 
circles are pivoted at their mid-points to the top bars of the wooden 
frames. The length of the steel rod which represents the Y-axis is 
45 cm. Instead of indicating values of angle a, the curved scale is 





Fic. 6. A mechanical model of aberration cf light. 


divided directly in decimal fractions of the velocity of light. The device 
may be set by means of thumb-screws at any value of g between 
0.20 and 0.80 of the velocity of light. 

The steel bars which represent rays of light have a cross-section of 
6.0 mm by 2.5 mm and are made each of two parts which can slide 
relatively to each other, to enable a setting of the device for various 
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values of a. The coordinate planes and the two circular cross-sections 
are laced with blue and red twine, so as to bring them out more clearly. 
All the parts referring to the S observer are painted red, and th se 
referring to the S’ observer are painted blue. 

The model was constructed by two of our seniors in electrical en- 
gineering, Messrs. J. S. Ensor, Jr., and R. C. Van Sickle, to whom the 
author wishes to express his sincere gratitude for the valuable assistance 
rendered. 


12. NExT PROBLEMS TO BE CONSIDERED 


The above-described cone gives such a convenient picture of straight 
line motion in a plane, that it is of interest to apply the same mode of 
representation to some other relativity problems. Among such, the 
following three naturally suggest themselves: 

(a) The Doppler effect; it probably can be represented by means of 
the same cone and a surface concentric with it. 

(b) A straight-line motion of a point in the XY plane, at a velocity 
below that of light. 

(c) The apparent change in length of a Jine moving in the XY plane 
at a velocity below that of light. 

The author hopes that other investigators will extend his treatment 
to these and to other problems of relativity. 


CorNELL UNIVERSITY 
Irnaca, N. Y. 


Do absorbed X-rays ionize dissolved Salts?—Experiments on 
aqueous solutions of copper sulphate, [5g (CuSO,+5ag) in 25g water] 
and sodium acetate [25 g (CH;COONa+3 ag) in 25 g water], placed in 
thin wooden cells and irradiated by x-rays from a Coolidge-tube excited 
by about 60 000 volts peak voltage. The extra current (if any) due to 
the x-rays, which could have been detected had it amounted to as much 
as 10" electrons/sec., was imperceptible. The amount of x-ray energy 
absorbed by the solutions (calculated in a rather devious manner) 
amounts roughly to 10 times the energy required to dissociate a 
single molecule; so that if it had all gone into dissociating molecules 
into charged ions and they had all reached the electrodes the current 
would have been at least 10‘ times as great as it actually was. (The 
electrodes were however at the extreme ends of a cell 8.8 cm long and 
only 0.6 cm wide, and apparently the P.D. between them was less 
than ' volts).—[A. Janitsky (Frankfort) ZS. f. Physik, 20, pp. 280-287; 
1923. 
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ATOMIC FORCE FIELDS* 
By F. S. BRACKETT 
INTRODUCTION 


The numerous regularities exhibited in the development of the 
quantum defect! as one passes from one atom to another of higher 
atomic number but similar structure, indicate the existence of definite 
relations between the stable energy states of the atoms of different 
elements. Since the quantum defect is thought to arise from the 
penetration of the virtual orbits within the regions of greater force 
existing within the atom body, the physical significance of these regu- 
larities may be sought in the study of the force fields within the atom 
body. 

In dealing with Bohr’s new atomic model of interpenetrating real and 
virtual orbits, since it is impossible to obtain a direct solution of such a 
many body problem, valuable information may be gained by con- 
sidering the average charge in the atom body. Confining our attention 
to the circular orbits, we may safely assume a radial force and treat it 
as constant for a given orbit. If the energy of an electron in such an 
orbit is known, together with the quantization of the orbit, both the 
size of the orbit and the magnitude of the force can be found. 

The change in the energy which an atom undergoes when an electron 
is carried to infinity from a given orbit is known from spectroscopic 
data. Unfortunately other parts of the atomic system may undergo 
change in energy at the same time, so that this energy change can not 
be said to be the energy of the electron in that orbit. 

By neglecting, for a moment, this consideration and applying the 
energy values to the electron itself, by simple theory we find for each 
circular orbit an ‘‘apparent force” and an “‘apparent radius.” This 
apparent force will of course differ for different orbits depending 
chiefly upon the average number of electrons lying within the orbit. It 
can most easily be treated as due to an apparent charge Z,e on the 
nucleus, where Z, wilP roughly be the difference between the atomic 
number and the average number of electrons within the orbit. From 
simple theory we have the energy 

Z2 
W = — Rh— 
n- 
* Presented at the Cincinnati meeting of the American Physical Society, December, 1923. 


1 Brackett and Birge, J. O. S. A., &; Feb. 1924, 
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Thus if an electron fall from infinity into the mn” orbit, energy is 
emitted 
w= —-—W 
or 
Z.2 
vy = R— 
n* 
The frequency v is the greatest which can be attained by a transition 
where the orbit of quantum number » is the final orbit. It therefore 
corresponds to the series head and is spoken of as the term value of th: 
orbit. It can be found from spectroscopic or x-ray data wherever ther: 
are known series. Then 


the ‘‘denominator”’ 
so 


The value of Z, for the virtual orbits may thus be obtained directly 
from the curves of the previous article. Recent values for the ./»/R 
in the x-ray region are given in tabular form in the article by Bohrand 
Coster.? Values corrected for relativity are given by Wentzel.? The 
latter values have been used for the atoms of higher atomic number 
where the corrections are appreciable. 

The apparent radius of the orbit has the value 

n?h2 n2 
= ——— = do— = nDay 

4n* me*Z, Za 
where a, is the radius of the 1, orbit of hydrogen. 

If the apparent charge Z, is plotted against the nuclear distance, in 
general four points are known for each atom, from the 1;, 22, 33, and 
4, circular orbits respectively. Furthermore near the nucleus and thus 
completely within the electrons of the atom body, Z,=Z, the atomic 
number, while completely outside the atom body all except the excited 
electron will have a shielding effect so that Z,=1. From these data 
curves may thus be drawn for any given atom representing the apparent 
charge as a function of the distance. It will of course be noted that the 


da 


2 ZS. f. Physik, 12, p. 342; 1923. 
2 ZS. f. Physik, 16, p. 46; 1923. 
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radius of an orbit of any definite quantum number is fixed by the 
apparent charge so that to any other conceivable value of Z, there is 
a corresponding radius. The locus of all points corresponding to all 
possible sizes of orbit for a given quantum number may thus be drawn. 
As these are given by the equation 


Z.@,=n" (where the scale ay =1 is used) 
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Fic. 1. General character of field. 


the curves of possible values are seen to be equilateral hyperbolas. 
The curves representing the conditions in a particular atom intersect 
the curves of possible values for given quantum numbers in the points 
corresponding to existing circular orbits. From such a graph it is seen 
that the former curves also resemble shifted equilateral hyperbolas. 
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In order to test this possibility both sets of curves have been plotted, 
using the reciprocal of Z, in place of Z,. 
DisCUSSION OF GRAPHS 
| 
The values of >. have been plotted as ordinates and those of « 

A 
(@9=1) as abscissae. The curves of “possible values’’ for any definit: 
quantum number now appear as true straight lines, the quantum nun 
bers, corresponding to each straight line, being indicated at the to) 
The points corresponding to existing orbits have been indicate: 
by small circles. The points for each one of the alkali metals have been 
connected by full line curves, those of O, Mg, S, and Ca by dotted 


1 , 
curves. All these curves become asymptotic to — = 1 for great distanc: 
a 


from the nucleus. The exact form of the curves can not be determine! 
because of the wide separation of the points. It will however be seen 
that in the case of the alkali metals where several points are known 
within the atom body, they lie on a straight line which intersects the 


1 
vertical axis in the points—-=—. This is better shown in Fig. 2, where 


the region within the atom body has been plotted on a larger scale 
The elements O, Mg, S, and Ca show a linearity in a much more limited 
region. It will however be remembered that the alkali metals have 
only completed orbital groups within the atom body, while the lattcr 
elements have in addition a wide sweeping electron which may lx 
expected to modify the conditions for some distance within the atom. 

According to our quantum assignment, two orbits have in no case 
been given the same quantum designation. If there were two such 
orbits our curves must cross the diagonals twice. Granting such to be 
the case there must be a third such orbit unless we abandon the demand 
that the force be continuous. In the case of copper the presence of an 
unexplained x level‘ with the characteristics of a sub 3 circular orbit. 
lends some support to Bohr’s assignment cf 3; to the orbit designated 
by us as 4;, thus making with the x-ray orbit three such levels. The 
absence of such x levels in other cases however supports our assign- 
ment. 

It will be noticed that the slopes of the linear segments present a 


regular progression from element to element. Fig. 3 shows the 


reciprocal of these slopes plotted against the atomic number. With 


* See Fowler’s “Report,” p. 111. 
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the exception of the Li and O points where the data are insufficient to 
warrant any weight, the points lie on well defined straight lines, 
owing discontinuities of slope at the points where according to Bohr 
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Fic. 2. Linear relations within the atom body. 


the formation of a circular orbital group takes place. The slopes have 
the values: 
c=.35 
= .23 
=.114% 
or practically in the ratio 3:2:1. 
Since the slope of a segment of a curve in Fig. 1, may be considered 
to represent a fundamental condition for the charge distribution in a 
particular atom, the constancy in certain ranges of the rate of change of 
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the reciprocal of the slope expresses a fundamental condition of atomic 
development. 

In the previous paper by Brackett and Birge (loc. cit. p. 222, Fig. 1.) 
the graph in Fig. 4 was given, where it is seen that the deeply penetrat- 
ing orbits (continuous curves) show a quantum defect (i.e. distance 
below horizontal lines) which varies directly with the number of orbital 
groups in the atom, and so with the atomic number for ranges of uniform 
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Fic. 3. Dependence of slope on atomic number, 


development. The slope undergoes a pronounced change, however, 
where the inbuilding takes place. This linear variation and the change 
in slope at this point, it was mentioned, were general characteristics 
shown by all groups of elements alike. Not only does the change in 
slope on Fig. 4 occur at the same point as that on the previous diagram 
of this paper (Fig. 3), but the change is also in the ratio of 3:2 as well. 
A direct correspondence is therefore found between the rate of penetra- 
tion of the deeply penetrating virtual orbits and a fundamental condi- 
tion of the atom body. It should be borne in mind that these facts 
appear from absolutely unrelated data, the former from the visual 


spectra, the latter from the x-ray. 
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If we consider the atomic development in a general way, two typical 
stages may be defined—first, where the added electrons fill new orbital 
groups, in general temporarily complete with four electrons;—second, 
where an inbuilding takes place, enhancing groups already temporarily 
complete and forming a new deep lying circular group. When a first 
stage has run its course we might think of a saturated condition having 
been reached, after which a second stage must begin. The.discontinu- 
ities shown in Fig. 3 occur where these saturated conditions are reached. 
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Fic. 4. Dependence of quantum defect on number of orbital groups, 


If instead of plotting the reciprocals of the slopes of the original 
curves against atomic number, we plot the slopes themselves against the 
reciprocal of the atomic number, we find a linear relation for the “‘sat- 
urated” conditions, as shown in Fig. 5. This enables one to predict 
that since atomic number 87 is a saturated condition, an inbuilding 
should follow element 92 by analogy to the other second stages. This 
would however lead to a new stage of atomic development where the 
slope of that segment of the curve in Fig. 3 would be zero, i.e. the slope 
of the curves in Fig. 1 would no longer change from atom to atom. 
Whether this is in any way related to the fact that there are no elements 
of higher atomic number is as yet purely a matter of conjecture. 
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ANALYTICAL DISCUSSION 


The linear portions in the first curves may be represented by the 
equation; 
1 de 1 
— = §— + ve 1 
is ado z 
where the slope m is peculiar to the element but as has been pointed 
out m is related to the atomic number. From Fig. 3 we have 


: = (Z+k 2 
m 
where both c and & change with the formation of each new circular 
group. 
The difference between the apparent number of charges on the 
nucleus and the atomic number may be termed the total screening 
effect, which Bohr has called y. Equation 1) may be written 


Further if one is simply concerned with the values at the circular 
orbits the relation 


, a 
n? = Z,— 4 
ao 
can be applied, whence 
Y , - 
— mZ Pe) 
n* 


Thus the linearities in the curves for the various elements of the first 
‘ ‘ ae 
diagram are equivalent to a constancy of — within the atom body 
“2 


This condition is best realized in the case of atoms where the atom body 
is made up of completed orbital groups and is only approached in other 
cases. Then by equation 2) we have 





Y Z 
a = — -_ 6 
n? cZ+k 


where both c and k change at each inbuilding, the values of c as deter- 
mined from Fig. 3 being 


c=.35 uptoZ=18 
.23 Z=18 to 55 


=.115 55 to 87 


or 


c=rp where p=.115 and r=1, 2, or 3. 
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; , . = 
We are thus able to give a perfectly general expression for — 7 
n 


terms of the atomic number and constants peculiar to certain stages 
of development. This applies only where within the atom body there is 
a temporary completeness of group, and is the first step toward under- 
standing the conditions which determine temporary completeness. 
Bohr has pointed out that final completeness is attained where the 
1.umber in a given group is 2n, but he offers no explanation of temporary 
completeness. We have shown that three definite conditions (i.e. 
r=1, 2, and 3 respectively) successively determine completeness and 
that the transition from one to another is sudden and takes place 


: : bi v . 
whenever saturation is reached. In the saturated conditions ny? iS 


simply proportional to the atomic number plus a constant i.e. from 


Fig. 5, 


1 
eels rs C = 1.84 K = .03 7) 


y 
—=C+ KZ = 1.84+ .03Z 8) 


12 
This equation defines the saturated condition reached before the 
formation of each new circular group. 


INNER AND OUTER SCREENING 


The total screening effect y arises from two things—first, the decrease 
in actual force due to the repulsion of the electrons within the orbit; 
and second, the change in energy of the electrons lying outside the 
orbit, during transition, as mentioned at the beginning of the article. 
The former, Bohr and Coster (loc. cit.) represent by a and the latter 
by Bn?. 


9 7 a 
y=a+ fs? or—=— +8 
n? n? 


Unfortunately there is no way to obtain direct information as to the 
value of either one. Bohr has shown that, on the basis of the older 
theory where the new groups of electrons added to the atom body 
were considered to form shells outside of those already present, the 
value of 8 would change by unity, for each added shell (each shell 
including all the orbital groups of the same total quantum number). 
From the standpoint of the new theory of interpenetrating orbits, 
whenever a new group is added, part of the electronic charge will go to 
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increase the charge lying inside of an established orbit and part will lic 

outside. That part lying inside will increase a whi'e that outside wil! 
- Y 

increase 6n*. From the table in paragraph 6 we see that — for the “/ 
n 


ring” increases by unity for each added “shell.’”’” From thir Bohr 
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Fic. 5. Linear Relation of Slopes for the “Saturated Conditions.” 
a . . 
concludes that — remains constant since 8 was expected to change by 
n2 


a 
unity. The assumption which we shall make that both — and B will 
n 


change, seems more tenable from the stand point of the new theory. 
Nor is it surprising that the total screening effect should change by 
unity just as expected from the older theory, for ours is simply a re- 
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division between a and Bn’ which would not be expected to affect the 
whole. 
If now we examine the method of plotting which leads indirectly to 
the above equations, we find two factors which combine to lessen the 
7 

accuracy near the nucleus of the expression for - namely (1) condensa- 
tion of scale, and (2) the fact that y is small compared to Z,. In fact 
our value proves to be a weighted average where the conditions near the 
outer part of the atom body have been given very heavy weight. It 
amounts therefore to dealing with a condition in each atom where a 
small and equal amount of charge in each case lies outside. Under such 
conditions we can assume that 6 =e (a constant), as it enters into our 
equations. Then by equation 8 

a 

-= 1.844 .03Z-« 9) 


n- 
° : a 
If 8 be small our curves suggest the assumption that — be a constant 
n? 
for a given atom (where there is only completed orbital groups). From 


a 
equation 8) we can compute values of — +e for any atom satisfying the 
n* 


a es 
latter condition. If we subtract these values from those of _ directly 
n 


determined as in the table mentioned above, the residuals may be 
considered as values of B—e. 


Table of Residuals B-—e 





K L M | N 
AB, AB. 4B; 
As, AB; ABm AB, 
Ar (18) 3 2 0 
3 3. 
Kr (36 6 3 3 20 
6 A 2 
X (54) 1.2 $7 S34 
4 3, 2 
Nt (86) 11-168) 611 s 4 4 oF 


* Wentzel’s value 


Here it is seen that, as would be expected, the residual is zero for the 
outmost orbit where 8=e. The changes in 8 may be directly correlated 
with the number r, which is characteristic of the charge distribution in 
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certain stages of the atomic development. The change in 8 from one 
circular orbital group to another is as follows: 

AB, = .3 for Ar and Kr. 

AB, = .5 for X. 

AB, = .6 for Nt. 
In passing from Ar to X and from X to Nt there is a change from one 
saturated condition to another. Here 

A( AB,) = .2 in the first range where 7 =2 

A( A8,) = .1 in the first range where 7 =1 
Again if we take the change in the value of 8 for the K orbit as we pass 
from one saturated condition to another. 

Af, = .9 in the first range. 

Af, = .4 in the second range. 
Then 

ABy 


—— = .025 in the first range where r = 2 
AZ 


= .0125 in the second range where r =1. 

From the standpoint of the new Bohr theory this is what is to be 
expected. When a new group is added, it produces a change in both a 
and 8, since part of the effect is to increase the actual screening anc 
part, due to that remaining outside, to increase the charge undergoing 
energy change. It is therefore to be expected that the change in ( 
for an added orbital group should be less than the value of unity sug 
gested by Bohr from the older theory, so that the values .3 to .6 seem 
reasonable. When the characteristic average distribution of charge in 
the atom body changes, as indicated by the change in 7, that is, where 
there is a condition of closer packing of which r may be taken as the 
measure, the effect of each group will of course be different. The new 
group does not simply add another Af but changes as well, each exist- 
ing A8,, establishing a new charge distribution. 

In going from Kr to X, the 18 added electrons in eccentric orbits 
outside the 3; orbit produce an increase in 8 for 3; of .2 so that the value 
of ¢ due in the earlier elements to 8 electrons in eccentric orbits should 
be about .1 and certainly not over .15. Hence we can write: 


a 
—=1 74+ .044 .032 
n? 


for elements in the saturated states. If the charge in the atom body 


is uniformly graded, remembering that 


n? = Z,a/ao 








S: 
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we obtain 
a 


a 
— = (1.74 + .04+ .03Z)— =. 
Ee do 


This expression gives the simple type of charge distribution which is 
approached by atoms in the saturated condition.® 


CONCLUSIONS 


1. The distribution of apparent force in the atom body may be 
characterized by a simple number (slope m). 

2. From the variation of this number with the atomic number, a 
second number r is obtained which is constant in the ranges of uniform 
development. 

3. The number 7 changes by unity whenever a saturated condition 
is reached, which in turn is followed by the formation of a circular 
orbital group. 

4. (a) The rate of change of the quantum defect for the virtual 
orbits is constant where 7 is constant, (b) changes where 7 changes; 

c) the ratio of the values before and after change is equal to the ratio 
of the values of r before and after. 

5. This direct correlation of quantum defect with force field gives 
strong support to the quantum assignment as proposed in a previous 
article by Brackett and Birge upon which the determination of the 
quantum defect depends. 

6. A separation of inner and outer screening effect is proposed 
which is compatible with the theory of interpenetrating orbits. This 
makes possible a determination of the charge distribution in the 
saturated conditions. 


PuysicAL LABORATORY, 
UNIVERSITY OF CALIFORNIA, 
BERKELEY, CALIF., 
ApriL, 1924. 


Since the presentation of this paper, the author has received an article by D. R. Hartee 
Proc. Camb. Phil. Soc. XXI, VI.) in which the problem of the force fields has been 
approached in a somewhat similar manner. In order to obtain more information in regard 
to the points lying between these given by the circular orbits, data from the eccentric orbits 
have been used. This necessarily introduces further assumptions about which there is con- 
siderable uncertainty. The curves in his article show the resemblance to shifted equilateral 
hyperbolas (except for departures introduced by using the eccentric orbits) which is mentioned 
in this paper. He has however not plotted the reciprocals of Z, and hence has not obtained 
the relations given in this paper. 
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Internal Photoelectric Effect of Rocksalt Crystals.—The con- 
ductance of perfect rocksalt crystals is not affected by ultraviolet 
or visible light; but crystals which have mechanical or chemical 
irregularities are photosensitive, and an insensitive crystal may be 
made sensitive by irradiating it with x-rays (which may produce a 
visible coloration). The experiments were performed according to 
the prescriptions of Gudden and Pohl; that is, the voltages and ir- 
radiations were applied only for brief time-intervals (a few seconds 
or fractions of a second), the effect measured with an electrometer 
shunted across the crystal, and the current in the first infinitesimal 
time-interval after the beginning of irradiation was computed by 
extrapolation. This initial current is strictly proportional to field 
strength over a surprisingly wide range—up to 50000 volts/cm 
and shows no sign of impending saturation; it is likewise proportional 
to light-intensity over the range from .0003 to .005 cal/sec cm’. 
However, the current diminishes steadily and rapidly from the first 
instant of irradiation onwards; there is some reason to believe that 
the field within the crystal is reduced by the steadily growing 
polarization, i.e., that there is something analogous to a “demagnet- 
izing’ effect. If only a part of the volume of the crystal is irradiated, 
the current has only a fraction of the value corresponding to com- 
plete illumination—the same fraction if the light is faint, a smaller 
one if it is bright. It is not clear whether the charges liberated by 
the light are free to move all the way to the edges of the crystal, or 
only a comparatively slight distance. If one electron is liberated 
by each absorbed quantum (which may or may not be true) the 
displacement of the charges is probably of the order 10-? mm. 
[J. Bingel; ZS. f. Phys. 21, pp. 229-241; 1924.] 

K. K. Darrow 


Near infrared Absorption spectra of some organic Liquids. 
Measurements made with a high dispersion spectrometer, a thermopile 
and an automatic recording device, over the wave length range 0.8 to 
2.14, on thirty-one organic liquids each containing both carbon and 
hydrogen atoms. Three absorption maxima at nearly constant wave 
lengths (1.7, 1.37, 1.174) were observed in all the 31 spectra, and two 
others near 1.02 and 0.94. These are ascribed to the CH combination 
present in all the molecules, and they may all be harmonics of a funda- 
mental at 6.9u observed together with a first harmonic at 3.4% by 
Coblentz. Some of the bands are double, but this cannot be due to 
rotations, for the components of such doublets are farther apart for 
heavier molecules than for lighter ones. [J. W. Ellis, (Univ. of Cali- 
fornia) Phys. Rev., 23, pp. 48-62; 1924.] 

K. K. Darrow 
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PHOTOELECTRIC THRESHOLDS OF 
ELEMENTS UNDER ORDINARY CONDITIONS 


By RicHarp HAMER 


ABSTRACT 


Photoelectric thresholds for sandpapered commercial samples of fifteen metals and graphite. 
Light from a carbon arc, sometimes with cored carbons, after dispersion by a mirror mono- 
chromator with a fluorite prism, was focussed through a fluorite window on the slit of the 
evacuated photoelectric cell containing a strip of the element being studied connected to a 
sensitive string electrometer, and the saturation photocurrent as a function of wave-length 
was determined. Scattered light was reduced to a minimum by the use of screens, and the 
effectiveness of these was tested by introducing filters. This method eliminates many of the 
usual difficulties. Commercially pure samples were tested with surfaces cleaned by sandpaper- 
ing only. The fairly great intensity of the arc even to 2600 A gave reasonably large photo- 
currents as soon as the threshold wave-length was passed and enabled it to be determined 
from within +30 A at 2600 A to +100 A at 3600 A, corresponding to from +.06 to +.10 
equivalent volts, as determined by the formula V=/hm/e. The results in Angstréms for 
Ag, Al, Bi, C (graphite), Ca, Cd, Cu, Fe, Ni, Pb, Pt, Se, Sn, Th, W and Zn are respectively: 
3390, 3590, 2980, 2615, 4000, 3130, 2665, 2870, 3050, 2980, 2780, 2670, 3180, 3460, 2615, and 
3420. These results are compared with those of others. 

This research was undertaken with a view to determining directly the limiting frequencies 
for the various elementary metals under ordinary conditions. The principle of the method 
adopted was to use a source giving an approximately continuous spectrum extending over 
the experimental range of the limiting frequency for an element and to determine the threshold 
value by plotting the last values of the diminishing saturation photocurrents against the 
increasing wave-length of the incident light, or simply to take the average of the various 
wave-length limits observed in different determinations. 

No special preparation of the metallic surfaces was made save that of rubbing with sand- 
paper, blowing with dry air, and placing them in the photoelectric cell which was immediately 
evacuated to a pressure of about 0.006 mm of mercury. 


THE APPARATUS 


The apparatus (see Fig. 1) was designed to cause as little absorption 
of the ultraviolet light as possible. It consisted of a modified Littrow 
type of spectroscope used with a concave mirror in the place of lenses. 
The light from the source Y entered the slit at S and was directed 
onto the face of the fluorite prism F by the concave mirror B, formed by 
cathodic spluttering of platinum on a glass concave lens. The prism 
was mounted in the box X so that the center of the face nearest the 
concave mirror was on the rigidly fixed axis of rotation of the whole 
box X, whose movement was controlled by a double tangent screw 
motion shown, in part, at T. A projecting rod A rigidly attached to 
the small central table supporting the prism, carried a guide G to which 
were pivoted two arms M and R, one fastened to the box carrying the 
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slit S and mirror B by means of a pivot at a post W, the other pivotc« 
to the spectrometer arm J. Thus once a setting of C was made on a 
line for maximum deviation, rotation of the tangent screw cause! 
other lines to appear, which in turn traversed the prism at minimum 
deviation. Since a mirror was used in place of lenses, the focusing o/ 
one line on the slit C was sufficient for all. In use it was found best to 
fix the spectrometer arm 7 rigidly to the table and move the whole boy 
with slit and mirror by rotating the tangent screw. This necessitate: 
attaching the source of light firmly to the box, which was managed 
by one or other of the two attached arms E and F. The rotation of th: 











coo TSM): —ahb)<z5v 
Spectrometer Scale 
Earth 
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prism was observed and measured by the reflection of a straight fila- 
ment L as source from a plano-concave cylindrical glass lens N whose 
concave surface had been covered with a platinum fi'm by cathodic 
spluttering and which was placed above on the axis of rotation. This 
gave an excellent line image on a ruled meter scale 153 cm away, visible 
even in daylight. In spite of a considerable backlash, a setting could 
be made to a fifth of a millimeter, which corresponded to an angle of 
0.45 minutes of arc. 

The photoelectric cell Z consisted of a brass tube closed at one end 
bv a slit about 0.7 mm wide at C and at the other end by the quartz 
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window Q. The fluorite window F allowed the light of the desired 
wave-length from the prism to be focused sharply at C inside the ex- 
hausted glass tube V. To assist in correct focusing, the slit end C of 
the cell was coated with luminous zinc sulphide. The whole tube V 
could be rotated around a ground glass joint with a mercury seal placed 
below it on the exhaust tube. 

The metal to be tested was in the form of a flat strip about 4x18 mm 
suspended from a brass rod sealed in glass with sealing wax and passing 
through a mercury sealed ground glass joint above. An area about 
4x10 mm was exposed to the radiation by suspending it through the 
top of the brass photoelectric cell. By rotating this strip edgewise 
and by the use of a lens at Q, or by suspending a fluorescent screen in 
place of the metal strip, it was possible to set very exactly on some 
known line of the Hg arc spectrum. 

The photoelectric cell described above was used in the case of Zn, Ag, 
Pt and Al. For the remainder, a modified and larger cell was used so 
situated that the monochromatic light could be focused just outside its 
quartz window. A much larger area was exposed and a slit about 20 mm 
long was used to increase the current. 

The metallic strip was connected by the brass rod to a string elec- 
trometer with a sensitivity from 50 to 100 divisions per volt but with 
a capacity of only about 25 cm. This is represented diagrammatically 
at H. The knife edges were charged to +75 volts with respect to the 
earth. 

The capacity was kept as low as possible by having the electrometer 
close, and, of course, it was necessary to shield everything from electro- 
static induction. The Faraday chamber was connected to the knife 
edge positively charged. The cell was about 8 cm in length in a glass 
tube about 12 cm long and its diameter was about 2.5 cm. The slit of 
the cell was about 41.5 cm from O, the axis of rotation, which was 12 cm 
from the mirror, which in turn was 31 cm from the slit. The ultraviolet 
light, therefore, had to travel about 84.5 cm in air after passing through 
the slit. 

Owing to the considerable amount of scattered light of all frequencies, 
it was desirable in some cases to use filters to absorb as far as possible 
the diffuse light of higher frequency than the selected one. 


CALIBRATION 


On first setting up the photoelectric cell, it was necessary to be sure 
that the line on the slit C was due to the wave-length at minimum 
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deviation, so that the dispersion curve for fluorite could be used in the 
identification of the lines. Therefore a reading microscope sliding in a 
long tube supported along the arm J but directed towards the middle 
line of the nearest face of the prism, was used to set on the sodium D 
lines and the visible mercury lines. Corresponding prism angles were 
noted. The tube and microscope were now removed because the ‘ube 
reflected light internally, and the photoelectric cell was then arranged 
to catch the particular wave-lengths at the same prism angles as denoted 
by the scale. 

The lines were next visually identified by means of a zinc sulphide 
screen and comparison with spectrograms of the mercury arc spectrum. 
However, in order to make absolutely certain of the effective location 
of monochromat’c radiation on the metallic strip, a series of observa- 
tions of the photoelectric current were taken for each metal at every 
2 mm of the scale, namely at about every 4.5 minutes of arc. This 
enabled an accurate calibration to be made and safeguarded against 
accidental displacement of the cell while a transfer of elements was 
taking place, besides assisting in giving a rough determination of the 
threshold value. 

With this experimental arrangement a series of measurements of the 
relative photoelectric currents at different wave-lengths was made. 
If there were no effects due to scattered light and if the slit were 
infinitely narrow, the current would begin to rise rapidly at the critical 
wave-length. The effect of both of these is to make a rounded, instead 
of a sharp, break in the current-wave-length curve. By the use of thin 
glass filters the effect of shorter wave-lengths was reduced. 

The slit was 0.7 mm wide, covering a range of from 36 to 100 ang- 
stréms, approximately. It is assumed that the two points of rapid inflec- 
tion in the curve (Fig. 2) indicate the points at which the critical 
wave-length began and ceased to fall upon the slit, and the effective 
wave-length was taken as lying between these two points. The average 
was taken, generally. 

The line 42536 of the mercury arc was used as a point of reference, 
and the critical wave-lengths determined in terms of distance from 
this point, with the help of the calibration curve. 


OBSERVATION AND RESULTS 





Zinc. The results of fourteen series of observations some without and 
some with a thin glass filter, and with the mercury arc, the solid carbon 
arc, and the core-soaked carbon arc gave a final average \3382. Carbons 


Se 


Ww 
al 








Tos 
oS 


AERIS SRE: ST NY TI 





eNO as 


Sagas 





Sept., 1924] PHOTOELECTRIC THRESHOLDS 255 


with soft cores were soaked in a concentrated solution of iron, nickel 
and uranium sulfates. 

The solid carbons probably gave more accurate results since they 
would not be so likely to produce much ultraviolet light below the 
threshold value for zinc and so would make the use of filters less neces- 
sary. Thus larger photocurrents were secured and hence more reliance 
was placed on these. 
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In detail they are as follows, the readings indicating the limits 
between which the curve changed its gradient: 
Solid Carbon Arc 
No Filter Thick glass filter 
43380 to A3406 43406 to A3480 
43406 to A3480 
The average of these three is 43426 A ranging from 3365 to A3499 if 
we consider 2 mm as the experimental error due to width of slit, im- 
purity of spectrum, uncertainty of exact end point due to the readings 
being of long duration usually, and the effect of zero drift. It would 
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appear that the limiting value for zinc could have been obtained dire« tly 
with the carbon arc, but greater confidence was placed in the results 
when they were tested with filters that absorbed much of the shorter 
wave-length radiation. 

Aluminum, The readings observed on aluminum with the carbon are 
(soft cored but not soaked) using a glass filter arc are plotted in the 
typical curve, Fig. 2, which indicates the threshold value for aluminum 
to be about A3596 + 100. 

The following table summarizes the results of the determinations ‘or 
other elements. 


TABLE 1.—PHOTOELECTRIC THRESHOLDS 


Richardson 
Element Hamer | Hughes and Hennings Other Equivalent 
Compton Observers Volts 
Graphite | 2615+30 4.72+.06 
Al 3595 + 100 4770 3342 3650 Hennings 3.43+.10 
Ca 4000+200 3700 3.08 +.16 
Fe 2870+ 40 2804-3132 4.30+ .06 
Ni 3050+ 50 4.04+.07 
Cu 2665+ 30 3000 2804-3122 4.63+.05 
Zn 3425+ 75 3016 3760 3132-3342 | 3.60+.08 
Se 2670+ 35) 2200 4.62+ .06 
Ag 3390+ 60 3250 Stuhlmann 3.64+.0 
Cd 3130+ 50} 3140 3130-3650 3.94+ . 01 
‘ Pringsheim and Pohl 
Sn 3185+ 55 3620 2804-3132 3.87+.07 
Ww 2615+ 30 2300 Hagenow 4.72+.06 
Pt 2780+ 35 2800 (2840 Stuhlmann 4.44+ .06 
(2570 Koppius 
Th 3465+ 75 3.56+ .08 
Pb 2980+ 5 3115 4.14+.07 
Bi | 2980+ 50| 3233 3300 3130-3650 4.14+.07 


Pringsheim and Pohl 


The surfaces were generally prepared from commercially pur 
materia] in the form of strips. These were vigorously rubbed with 
fresh sandpaper while supported on clean filter paper until the surface 
crust was rubbed away and a clean surface of the element exposed. To 
remove loose particles, the surfaces were first wiped off with fresh filter 
paper and then subjected to a current of dry air. As quickly as possibl: 
the strip was suspended in’the cell and within ‘a”few minutes the cell 





was exhausted of air by a Gaede mercury pump. 
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In certain cases where the strips were replaced by others no marked 
difference in the limiting frequency was noticed. Sometimes a strip 
was removed and submitted to another similar cleaning treatment in 
case the pressure for some reason or other had been much increased. 
Therefore it may be stated that the main precaution that was taken, 
and intentionally so, was to remove and avoid the formation of a badly 
contaminated greasy or oxide film on the surface. 

The table gives other determinations for comparison, some taken 
with much greater care in preparation and treatment. It is surprising 
that the values agree as closely as they do. 

The Jast column gives the equivalent value in volts of the energy 
required to release the respective photoelectrons from the surface 
under the conditions of the experiment. This is calculated by the use 
of the quantum relation, Ve = hvo=hcXo. 

This work was more or less preliminary to a more precise determina- 
tion of the threshold values with more elaborate apparatus whereby 
investigations regarding possible shifts of these values under special 
conditions could be accurately determined, such as better vacuum 
conditions, outgassing, and special preparation of the surfaces of the 
substances to be studied. The results presented here simply apply to 
the elements under ordinary conditions and it is hoped that they may 
be of real assistance to anyone designing photoelectric cells or con- 
sidering photoelectric properties under ordinary conditions. 

My thanks are indeed due to Professor E. P. Lewis for his kindly 
interest and suggestions throughout the course of this research. 


UNIVERSITY OF CALIFORNIA, 
BERKELEY, CALIFORNIA. 


Reflecting Altimeter with Lamp and Scale.—The scale of the 
aneroid altimeter is often not uniformly divided. To obviate this 
defect a very delicate cam system is sometimes used which does not 
always function properly, with the result that irregularities ensue. 

By using an optical system of reading, these difficulties are said to be 
avoided, and at the same time provision made for the adjustment of 
the zero of the scale. 

The aneroid capsule acts directly on a small mirror set in jewelled 
bearings, and produces rotation of the mirror. A small lamp and 
projection system throw a beam of light on the mirror which reflects it 
to a translucent strip where the light is converged to a line or spot 
image. This screen is not on an arc concentric with the axis of rota- 
tion of the mirror but is so bent that equal changes in altitude produce 
equal displacements along the screen, in much the same manner that a 
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galvanometer scale may be curved to give a strictly linear calibration. 
The scale of altitude is placed on another strip alongside the first and 
is adjustable by means of a knob to eliminate zero error. The device 
is arranged for convenient use when mounted on the instrument board 
of an airplane. [Revue d’Optique, 2, No. 3, pp. 116-119; 1923.] 

G. W. Morrit: 


Report on Radiation and the Quantum Theory.—By J. H. Jeans 
2nd Edition 84 pp. Fleetway Press, London, 1924. 


This report is a revision and enlargement of the first edition; it does 
not claim to be an abstract of present-day quantum theory, but is 
concerned mainly with the fundamental concepts and the brilliant 
early achievements of the theory. We shall not discuss the numerous 
errors which are made in the discussion of purely experimental matters, 
such as the paragraph on the production of the Balmer series in the 
laboratory, p. 40; or the statements about absorption spectra, in which 
no attention is paid to selection-principles; or the indiscriminating 
compilation of data on the fine structures of hydrogen lines; or the 
statement that Zeeman effect patterns have a wider spread than Stark 
effect patterns under customary laboratory conditions. 

It will be of more profit to point out the best features of the report. 
The first two chapters deal with the need for the quantum theory, and 
the problem of black radiation as treated by the classical theory. In 
the third chapter Jean’s familiar proof of Planck’s law is given, and the 
inconsistencies of Planck’s original demonstration are discussed. Then 
comes a variation of Einstein’s proof which shows very clearly that 
Wien’s displacement law makes the relation «=/y inevitable. The 
author points out carefully that Einstein’s hypothesis is: ““The inter- 
change of energy between matter and radiation is always by single 
complete quanta of radiant energy,’’ which does not by any means 
imply that radiant energy or the energy of Planck resonators can exist 
only as complete quanta. 

The necessity for Planck’s law is then discussed from points of view 
due to Jeans and to Poincaré. The fourth, fifth, and sixth chapters 
deal with the spectra of hydrogenic atoms, the specific heats of solids 
and the photoelectric effect, respectively. Chapter vii deals with the 
quantum conditions for systems in which separation of variables can 
be accomplished. The paragraph on adiabatic invariants would have 
been better if it had followed more closely the longer treatment in 
Jeans’ book on kinetic gas theory. The chapter closes with some 
simple illustrations of the correspondence principle. 

The last chapter is concerned with Jeans’ own views on modifications 
of classical dynamics. Much of this is familiar from his Guthrie lecture. 

Workers in atomic physics will need to read only sections 23 and 65 
and chapter viii of this report; but the entire work is probably the 
most readable and comprehensive introduction to the quantum theory 
in English. 


ARTHUR E. RuarRK 
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PRECISION X-RAY SPECTROMETERS 
By J. C. Hupson 


In 1913 Laue predicted that x-rays should be diffracted when passed 
through a crystal. Friederick and Knipping verified this prediction 
experimentally and a short time later W. H. Bragg showed that the 
x-ray beam is broken up into a spectrum by reflection from the atomic 
planes of a crystal as in the case of the reflection grating for visible 
light. This diffraction by reflection from the atomic planes is the 
principle made use of in x-ray spectrometers. A classification of the 
instruments may be made on the basis of the method of determining 
the position of the spectral lines. One type of instrument makes use 
of the ionizing effect of the rays and the other of the effect on a photo- 
graphic plate. In the former, the rays reflected from the crystal planes 
are directed into an ionization chamber, generally filled with a heavy 
gas, and the relative amount of ionization produced is determined by an 
electrometer or an electroscope. By plotting the ionization currents 
against angular displacements of the crystal the position of the line 
may be determined. This method was first used by W. H. and W. L. 
Bragg, and in the laboratory of Professor W. Duane it has attained a 
high degree of accuracy. 

In the photographic method the reflected ray is received directly on 
a photographic plate as a slightly curved line and its position may be 
readily determined as will be explained later. The method has been 
highly developed, the work of Professor Siegbahn and his students at 
Lund being the most extensive and probably the most accurate. 

Professors H. S. Uhler and C. D. Cooksey’ of Yale have developed 
a precision x-ray spectrometer which gives very accurate results but 
which has been used comparatively little and will not be described in 
detail. In using it the reflected lines are received on a photographic 
plate in a given position, the x-ray beam having been collimated by two 
slits of equal width placed between the x-ray tube and the crystal. 
The photographic plate is then displaced in a straight line parallel 


' Phys. Rev. 16, p. 305; 1920. 
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to the line of collimation and the lines again taken. The angle of 
reflection at the crystal is determined by the distance apart of the 
spectral lines, taken on beth sides of the direct image of the slits in the 
two positions, and the distance through which the photographic plate 
has been displaced. 

The spectrometers discussed in this paper are those of Professor 
Siegbahn at Lund and that of Professor Duane of Harvard. In deter- 
mining the wave-length Bragg’s law is used, m\ = 2d sing, in which 
is the wave-length and ¢ the angle which the x-ray beam makes with the 
reflecting planes of the crystal when the crystal is placed at such an 
angle that the spectral line represented by X is received on the photo- 
graphic plate or in the ionization chamber. d represents the lattice 
constant or perpendicular distance between the reflecting planes of the 
crystal used. In the precision measurements d is regarded as known 
without error since no method has been devised of determining it with 
the high degree of accuracy which is possible in determining ¢. Ii at 
some future time d is determined with greater accuracy it will be a simple 
matter to correct the values of the wave-lengths. 

In his work at Lund Prof. Siegbahn has designed three accurate 
spectrographs for use over different regions of the spectrum. All are 
of the photographic type and differ essentially only in details of con- 
struction and in the method of measuring ¢. The vacuum spectrograph 
is used for wave-lengths greater than 1.0A which would be largely 
absorbed by air and by the glass walls of the tube. Another is for use 
in the region of wave-lengths between .4 and 1.0A and the third for 
use with wave-lengths below .4A. In the determination of wave-lengths 
by the vacuum spectrograph use is made of the fact that an x-ray 
beam in the direction cd (Fig. 1) will be reflected in two directions in 
the first order if the crystal is placed in the correct positions. Thus in 
the figure with the crystal in position 1, a line is secured on a photo- 
graphic plate placed at position AA’. Now if the crystal is turned 
through an angle equal to 180°+2¢ and the plate-holder through an 
angle 4¢ a second line will be secured which exactly coincides with 
the first, the first order spectrum being used in each case. Actually, 
the crystal need not be turned through exactly the correct angle since 
the instrument is so constructed that the accurate placing of the 
crystal is unnecessary, as explained in the next paragraph. The angle 
¢ is the angle of reflection in Bragg’s law and together with d serves to 
evaluate the wave-length. 
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(he essential parts of the vacuum spectrograph’ are shown in Fig. 2. 
(he crystal and photographic plate-holder are carried in a cylindrical 
brass box which may be evacuated. Since in this spectrograph the 


angle of reflection, ¢ is measured by the position of the line on a photo- 


graphic plate it is essential that the position of the plate-holder be read 
very accurately. It is also essential that the crystal and plate-holder 
turn about the same axis and that the slit and plate-holder be the same 
distance from this common axis of rotation, that is, that they lie on the 
circumference of a circle having the axis of rotation as the center. 
Bragg’ has shown that only under this condition is it unnecessary to 
determine accurately the angular position of the crystal. 





Fic. 1 


As seen from the figure the crystal table is carried on a cone which 
extends through the bottom of the metal box and which carries on its 
lower end two cross bars at right angles and each carrying at either ex- 
tremity a vernier. These verniers move over a scale graduated in 
degrees on which is read the position of the crystal. This scale is used 
only to place the crystal in approximately the correct position to reflect 
a given wave-length. The crystal table itself is fitted with a screw for 
adjusting the crystal about a horizontal axis in order that the reflecting 
planes may be made parallel to the axis of rotation and a micrometer 
screw and drum provides a means of moving the crystal in a horizontal 
plane. This latter combination may be read to one thousandth part of 
a millimeter. 


* M. Siegbahn, Jahrbuch d. Rad. u. Elektronik 18, p. 240; 1921. 
Since the present paper was written Prof. Siegbahn has published an excellent book on 
ray spectroscopy entitled “Spektroskopie Der Réntgenstrahlen.” 
*W.H. and W. L. Bragg, X-rays and Crystal Structure. 
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Rotating about the same axis as does the cone carrying the crystal 
is. another cone which carries the plate holder. Since the position of the 
plate-holder is desired with as great accuracy as possible a very accurate 
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circular scale is fastened to this latter cone and readings are taken by 
means of the two micrometer microscopes shown. In the latest spectro- 
graphs designed by Prof. Siegbahn the plate-holder may be moved 
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relative to the circular scale in order that by using different parts of the 
scale errors due to eccentricity may be reduced toa minimum. Mounted 
on the plate-holder in the figure may be seen a small ivory point, O, 
which is used in adjusting the crystal and will be mentioned again 
later. The photographic plate must lie in the plane tangent to the 
circle which passes through the slit and has as its center the axis of 
rotation, and for the precision measurements the spectral lines should 
lie not more than one or two millimeters from the point of tangency. 
A micrometer tangent screw serves to place the plate-holder in the 
desired position. 

In the earlier spectrographs a slit-width of about 0.1 mm was used 
but in the later ones an adjustable slit is used which can be made as 
small as 0.025 mm. For studying the fine structure of the spectral lines 
it is essential that the slit be made as narrow as practicable. The slit 
used consists of the halves of a steel cylinder which has been cut along 








its axis. The two halves are fastened together by screws. They are 
highly polished and as shown‘ in Fig. 3 a prismatic piece A BCD is cut 
out leaving a strip of the original surface about 1 mm wide at one end 
of the cylinder. This is again polished and by screwing the two halves 
together with no plates between them, slit-widths of about 0.025 to 
0.030 mm are secured. The width may be increased by inserting thin 
sheets of metal between the two halves. The slit is fastened directly 
to the cylindrical box. 

The x-ray tube used with the vacuum spectrograph is of the hot 
cathode type and is water cooled, the general form being shown’ in Fig. 
4. In order to secure as great intensity as possible the tube and spec- 
trograph are joined directly together. The slit forms a part of the wall 
of the tube at a distance of about 25 mm from the target. The tube it- 


‘ M. Siegbahn, ZS. f. Physik, 9, p. 68; 1922. 
5M. Siegbahn. ZS. f. Physik 9, p. 75; 1922. 





264 J. C. Hupson [J.O.S.A. & R.S.1., 9 


self is made of metal and earthed, the terminal carrying the high poteniial 
being insulated by means of a glass sheath. A narrow beam of rays is 
desirable in order to secure very fine lines on the photographic plate. 
At the same time, as great intensity as possible is desired. For this 
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reason the anticathode is placed almost horizontal and the cathode 
filament drawn out into a line parallel to the direction of the x-ray 
beam. The filament is surrounded by a sheet-iron cylinder with a slit 
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so that the source of the x-rays is a line less than 1 mm in width 
and extending the length of the target face. It is necessary for accurate 
measurement that the beam of rays be directed toward the center of the 
spectrograph and for this purpose the sheath carrying the cathode may 
be revolved, and is fitted with a scale for reading its position. The 
adjustment must be made anew each time a different filament is used. 
The vacuum in the x-ray tube is separated from that of the spectro- 
graph by a very thin foil or by a thin sheet of goldbeater’s skin together 
with a sheet of black or red tissue paper. This allows the spectrograph, 
in which a high vacuum is not necessary, to be connected to the secon- 
dary vacuum pump and also makes it less difficult to secure a good 
vacuum for the x-ray tube. 

For a high degree of accuracy several important adjustments are 
necessary, the two most important being the placing of the crystal 
planes parallel to the axis of rotation of the crystal table and placing the 
reflecting planes on this axis. In order to make the first adjustment a 
small plane-parallel piece of glass is placed firmly against a vertical 
face of the crystal and a telescope and scale used to determine the 
correct position. A second determination is taken with the glass plate 
reversed, since it may not be accurately plane-parallel. The average 
of the two readings is considered the correct adjustment. 

The most important adjustment of all is placing the reflecting planes 
of the crystal on the axis of rotation of the instrument. This, as will 
be seen later, is the source of greatest error. As an aid in this adjust- 
ment the small ivory point, O, (Fig. 2) is placed accurately on the axis. 
This is done by mounting a microscope parallel to the axis and after 
focusing it on the ivory point, turning the plate-holder (carrying the 
point) about the axis of rotation. In this way it can be placed very 
accurately. Now the crystal is placed on the crystal table and the 
horizontal micrometer screw and drum turned until the crystal just 
touches the ivory point. This instant may be determined by focusing 
the microscope on this point and its image in the crystal face and moving 
the crystal until the point and its image touch. The optical surface is 
used for the placing of the crystal and the question naturally arises as 
to whether the optical surface is parallel to the atomic planes, which 
are the reflecting planes of the crystal, and if this is not true, whether 
or not it affects the measurements. The wave-lengths measured by 
the vacuum spectrograph are comparatively long and easily absorbed 
and so the reflection from the crystal takes place at the outermost 
layers of atoms. Since the optical surface is placed on the axis of 
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rotation, if the atomic planes are parallel to this surface, lines taken 
first with the crystal at rest and then with it rotating slowly should be 
of practically the same breadth. If the atomic planes were not parialle| 
to the optical surface the lines would be broader when taken with the 
crystal rotating since the reflecting planes would be displaced from the 
axis of rotation. Professor Siegbahn and his students have performed 
this experiment many times with different crystals and no noticeable 
broadening has resulted. 

The focal spot on the target furnishes practically a point source for 
the rays and so the lines on the plate will be arcs of hyperbolas since 
they are the intersection of the plane of the photographic plate with the 
cone of rays from the source. In determining the angle of reflection two 
lines are secured for each determination, one on either side of the direct 
beam, and since they are slightly curved there will be a point of mini- 
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mum or maximum distance between them. The lines will appear as in 
Fig. 5, A or B, depending on whether the determination is a “direct” 
or “crossed’”’ one as explained below. In order to secure sufficiently 
accurate results in the precision determinations, the measurements of 
the lines must be made in the horizontal plane in which the focal spot 
of the anticathode lies. The line ad in Fig. 5 represents the intersection 
of this plane with the photographic plate. Professor Siegbahn® has 
shown that measurements of the distance between the lines must be 
made in a region about ab of approximately 1 mm width vertically, if 
an accuracy of .001 mm is desired, as is the case in his work. It is 


6 M. Siegbahn, ZS f. Physik, 9, p. 68; 1922. 
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necessary, then, that all adjustments and measurements be made in 
the horizontal plane in which the focal spot lies. 

In making a determination the crystal is set at approximately the 
correct position by means of the four verniers and the photographic 
plate is placed accurately at some definite position on the scale. An 
exposure is made and the crystal is turned through an angle of 180° +2¢ 
where @ is the angle the direct beam makes with the reflecting planes 
of the crystal. The photographic plate is turned through an angle very 
nearly equal to 4¢@ and another exposure made. Thus two lines are 
secured on the photographic plate and the angular distance between 
them, together with the angle through which the plate itself has been 
turned, gives four times the angle of reflection. The angular distance 
between the lines is secured by measuring the distance between them 
and dividing by the radius of the spectrograph. For the precision 
measurements the distance between them is measured on the dividing 
engine to .001 mm. The radius is secured by measuring the perpendicu- 
lar distance from the plate to the small ivory point on the axis by means 
of an adjustable rod. 

Two types of determinations are possible. If the plate-holder is 
turned through an angle less than 4@ a “direct’’ determination is 
secured and in calculating 4¢ the angle between the lines is added to the 
angle through which the plate is turned. If the angle through which 
the plate is turned is greater than 4¢ we have a “‘crossed”’ determination 
and the angle between the lines is subtracted from the angle through 
which the plate turns. The lines in the “‘direct’’ and “crossed” deter- 
minations appear as in Fig. 5, A and B respectively. The following is a 
typical determination as taken from a paper by Hjalmar.’ 

Determination of Sn La, in second order. 
¢ is known to be about 28° 18’. 
Zero position of plate-holder 236°25’ Zero position of crystal 268.7° 


2@ 56°36’ o 28.3° 
Ist position of plate-holder 292°61'—11’ 1st position 297.0° 
2nd position of plate-holder 179°49’+11’ 2nd position 240.4° 
Turning of plate-holder 112°50" 


The angle through which the plate is turned is too small so that we have 
a “direct” determination. The distance between the lines is found to be 
.949 mm and since the radius is 182.966 mm this corresponds to an 
112° 50’ +17.83’ 

r —, 


‘ Hjalmar; Dissertation at Lund, 1923. 


angle of 17.83’. Theng = 
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In case of weak lines, measurements are taken on one side of the zero 
only as shown in Fig. 6. A reference line is taken, frequently Cu Ka 
being used, and the desired line measured with reference to it. In 
D+ Ad+2a 

—— 
moved between the taking of the reference line and the desired 
in the position in the figure denoted by the dotted line. Ag is the angle 
between the reference line and the line to be measured. 2a is twice | 
reflection angle of the reference line. The+ or — sign is used when the 
line lies on the long or short wave-length side of the reference line 
The distance between the lines for determining A@ is measured in the 
case of weak lines by means of a millimeter scale and a magnifying glass, 
distances being estimated to tenth millimeters. 


his 


case = D is the angular distance the plate-holde: 
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In calculating the wave-length by Bragg’s formula, m\=2d sing, 
all inaccuracies enter through the measurement of the angle ¢ since we 
assume d correct. Errors due to the eccentricity of the scale are very 
smal] in the latest vacuum spectrographs, Prof. Siegbahn estimating the 
error as in the neighborhood of 0.5’’. 

The penetration of the rays into the crystal has a tendency to 
remove the effective reflecting planes from the axis of rotation but with 
wave-lengths which are measured by the vacuum spectrograph the 
penetration is probably negligible. In the photographic spectrographs 
the breadth of the lines in comparison with the slit-width gives an 
approximate representation of the depth of penetration, and on this 
basis the thickness of the reflecting layer is less than .001 mm. 

The inaccuracy in placing the reflecting planes on the axis of rotation 
is the source of largest error. The approximate amount of this error 
can be easily calculated. Suppose the reflecting planes are the distance 
5 from the axis of rotation, the adjustment having been made with the 
crystal surface parallel to the photographic plate. Then the line on the 
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plate is displaced a distance 26 cos @ where ¢ is the angle of reflection. 
If ¢ is small cos @ may be set equa] to 1 and the displacement of the 
line is 26. The error in placing the planes is about .001 mm and there- 
for the error in position of the line will be .002 mm. Since the errors 
in the positions of the two lines are additive we may expect a total error 
of .004 mm. 

[he distance between the lines is accurate to but .001 mm and so the 
total error in the distance is about .005 mm and if the radius is 185 mm 
this corresponds to an error of 5.6’’. Combined with the eccentricity 
error of 0.5"’ the error in the angle is a little more than 6’’. Since this 
angle represents the four-fold variation of ¢ the error in ¢ is 1.5’. The 
percentage error varies with the magnitude of ¢ and for ¢=15° is 
approximately .003 per cent. For smaller angles it is proportionately 
greater. For the Cu Ka, line using the calcite spacing such that log 
2d = 0.7823347, Prof. Siegbahn secures the value \}=1537.302K10™ 
which he estimates as correct to .002 per cent.” 








With very hard x-rays care must be taken that penetration of the 
rays into the crystal does not affect the accuracy of the determination. 
For this reason Prof. Siegbahn has employed a special spectrograph for 
the measurement of very short wave-lengths. 

The essential parts of the instrument are shown in Fig. 7. The slit 
S, and plate P form opposite sides of a pyramidal-shaped cast iron box 
lined with lead 10 mm thick. The top of the box is removable for con- 
venience in adjustment. The box rotates about a perpendicular axis 
through slit S, and carries a vernier which is read on a circular scale 
carried on the bed-plate of the instrument. Slit S, is of small angular 
opening and has gold edges. Two thick lead plates, one of which is 
shown at D, are used to protect the plate from the direct beam during 
the determination of the spectral lines. L is a slit fixed to the bed- 


®M. Siegbahn, P. M. 38, p. 647; 1919. 
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plate and serves to direct the beam from the x-ray tube. S; is an auxili- 
ary slit for the purpose of securing the position of the zero. It is so 
placed that the perpendicular from S, to the photographic plate passes 
through it. The zero position in each spectrogram is determined by 
placing L, S; and S: in the same straight line and taking an exposure of 
about 20 seconds. After the adjustment of S, the crystal is placed 
directly on S, with its inner atomic planes parallel to the vertical 
plane through S; and S;. This adjustment may be checked by taking 
the same line on both sides of the zero position. If the adjustment is 
perfect the line will lie the same distance from the zero line in the two 
cases. In general this will not be true and a small correction must be 
made to the values of the angles found. Since the zero line should lie 
mid-way between the two spectral lines, the correct position may be 
found by measurements of the distances between the three lines. 
After this correction is once found for a particular set of determinations 
the plate need be exposed only on one side of the zero to secure as great 
accuracy as the double exposure without the zero line. The zero line 
is taken each time and since the angles are small the distance between 
the lines on the plate divided by the distance from slit to plate gives 
the angle through which the box is turned. This, with the correction 
mentioned above due to the reflecting planes not being parallel to the 
line joining the slits, determines twice the reflection angle to be used in 
Bragg’s formula. The slit-plate distance is about 500 mm and is 
measured very accurately. 

The relative accuracy of measurement with this instrument is less 
than with the vacuum spectrograph. While the penetration of rays 
into the crystal and the failure of the reflecting planes to coincide with 
the axis of rotation are practically eliminated as sources of error, the 
fact that the zero position must be corrected as explained above makes 
the actual error in determining the total angle fully aspgreat as in the 
determinations by means of the vacuum spectrograph. The error in 
the angle is in the neighborhood of 6’ and since this represents 2¢ 
the error in ¢ is about 3’’, which represents for a value of @ of 2°, an 
error of 0.04 per cent. 

The two spectrographs described above have been supplemented 
by a third for the region between .4 and 1.0 A. The instrument used 
for hard rays is not suitable since the angles in this middle region are too 
large for accurate measurement by the method used, while the vacuum 
spectrograph is unsuitable due to the penetration of the rays into the 
crystal. The new instrument is a combination of both the others in that 
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the angle of turning of the crystal is read from a precision circular 
scale and the slit is between the crystal and the plate as in the instru- 
ment for hard rays. 

A schematic diagram of the instrument is shown’ in Fig. 8. A pre- 
cision scale is fastened to the crystal table and is read by two micro- 
scopes which are securely fastened to the large base which carries the 
photographic plate. On this same base, between the crystal and plate- 
holder and close behind the former, is the slit. A tangent screw serves 
to turn the circular scale relative to the plate-holder while both crystal 
and plate-holder may be turned about a vertical axis through the 
center of the crystal table. Two rather broad slits are fixed between 
the crystal and x-ray tube and serve to direct the beam of rays toward 
the axis of rotation of the crystal. 





























The slit is so arranged that a line from the axis perpendicular to the 
photographic plate passes through it and, furthermore, is made quite 
narrow since it serves to define the reflected beam and a very narrow 
line on the photographic plate is essential for securing accurate measure- 
ments. The crystal is placed with its reflecting planes on the axis of 
rotation and the instrument is ready for use. The determinations are 
very similar to those with the vacuum spectrograph except that here 
the two-fold angle of reflection is determined by means of the circular 
scale fastened to the crystal table together with the small correction 
secured from the measurement of the distance between the lines on the 


* M. Siegbahn, Jahrbuch d. Rad. u. Elek. 18. p. 240; 1921. 
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plate. Suppose the plate-holder and crystal have been turned about 
the axis and adjusted relative to each other so that a reflected beam is 
received on the plate. The angle between this direction and the zero 
position is approximately 2¢ where ¢ is the angle of reflection. After 
the exposure of this line the photographic plate together with the crystal 
is revolved through an angle of about 4¢. The reading of the crys‘al 
table having been made by means of the microscopes the crystal is 
turned through an angle nearly equal to 180° — 2¢ and a second exposure 
made. The lines on the plate will be very nearly superposed, and 
by measuring the distance between them and dividing by the distance 
from axis to plate, the correction for the angle is secured. This small 
angle represents twice the correction to be applied to the angle deter- 
mined by the difference in the readings of the two positions of the 
crystal and if we designate it by a and the angle determined by the 
a 

rt 

The determinations by means of this instrument are not so accurate 
as those in which the vacuum spectrograph is used since in the latter 
case the four-fold reflection angle is measured. Assuming that the 
measurement of radius, distance, etc. are as accurate here as in the 
case of the vacuum instrument, we would expect a probable error of 
about twice as much, or in the neighborhood of 3’’ for any measure 
ment. The probable error as calculated from a series of measurements 
with this instrument gives a value of 3.1’’ which for angles near 15 
gives an error of approximately .006 per cent. 

The actual errors in the measurements of the angles by means of 
the vacuum spectrograph and the one just described are exceedingly 
small but the values of \ cannot be regarded as determining real 
wave-lengths to such a degree of accuracy as is secured in the angular 
measurements. The error introduced into \ due to inaccuracies of 
measurement of ¢ is less than that caused by refraction of the x-ray 
beam in the crystal. When ¢ is in the neighborhood of 5° the value of 
\ when determined from first order reflection may differ as much as 
.05 per cent from \ as determined from second order reflection. As yet 
no satisfactory method of correcting for refraction has been devised, 
so that while the probable error in any measurement is of the order given 
the values tabulated cannot represent actual wave-lengths to the same 
percentage accuracy. 

However, the three instruments described here do make possible 
accurate measurements over a large region of the x-ray spectrum and 
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readings on the scale by D, we have 26 = D+ = OF o= : + 
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the vacuum spectrograph, especially, as improved by Siegbahn, marks 
a real advance in x-ray spectroscopy since now the very soft M and N 
series of wave-lengths are being determined. 

[he ionization spectrometer as developed by Prof. Duane and his 
students at Harvard has several distinct advantages over the spec- 
trometers which make use of the photographic effect of the x-rays. 
by proper arrangement of the slits, source and ionization chamber 
many of the errors usually present in the measurements of the angle 
are eliminated and the accuracy of the wave-length measurements 
depends solely on the accuracy with which the circular scale can be read. 

This spectrometer is especially suited for absorption measurements 
for beside determining the critical absorption wave-lengths the magni- 
tude of the absorption may also be estimated. In addition it furnishes 
a very accurate method of determining Planck’s action constant, /, 
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as will be shown later. In making all determinations of wave-lengths 
the angle through which the crystal table is turned is the angle measured 
and in this way the two-fold reflection angle is secured. Thus any in- 
accuracies of measurement are halved in the final determination. 

The arrangement of the apparatus is shown in Fig. 9. The x-ray 
tube, denoted in the figure by 7, is of the Coolidge hot cathode type 
and is excited by the current from a 500 cycle A. C. transformer which 
has been rectified by kenotrons, or by the current from a battery of 
accumulators. 

The tube is separated from the spectrometer by an eighteen-inch 
brick wall denoted in the figure by B and also by lead sheets 1 cm thick 
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shown at L. A brass tube H serves to allow the rays to pass through the 
wall. The spectrometer is a modification of an ordinary spectrometer 
for visible light. Instead of the collimator we have the brass tube H 
which is closed at either end by a lead disk 1 cm thick which contains an 
adjustable slit. These slits are denoted by S, and S,in the diagram and 
are of the order of a fraction of a mm in width. S; takes the place of 
the objective of the collimator in the ordinary spectrometer. The 
objective of the telescope is replaced by the slit, S;, and the telescope 
itself is replaced by the ionization chamber, J.C. The crystal, C, is 
carried on a circular table resting on three set screws so that it may be 
adjusted about a horizontal axis. A micrometer screw fastened to the 
table serves to move the crystal in a horizontal plane. 

Both crystal table and ionization chamber turn about a common 
vertical axis and their positions are read by two circular scales each 
carrying two verniers, one at either end of a diameter. 
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The ionization chamber is filled with a gas which is easily ionized 
and since some of the gases, which are desirable, attack grease and 
cement a specially designed chamber is used in which the gas touches 
only glass and metal. The details of this chamber are shown in Fig. 10. 
AB is a glass tube and at A a very thin glass window is blown into it. 
This window is turned toward the crystal and being very thin absorbs 
very little of the radiation falling upon it. A guard ring is necessary 
and to provide this and at the same time secure an air tight joint, a 
steel tube, C, is ground into a side tube, D, and another glass tube, E, 
ground into C. A platinum wire passes through E and is fastened to 
a rod, F, which runs the length of AB. This rod is placed off the center 
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of AB in ofder that the beam of x-rays may not strike it. This pre- 
caution is necessary in order to avoid the variations in the ionization 
current which would be produced by the secondary rays coming from 
the rod, if it were struck by the direct beam. A mercury jacket sur- 
rounds the steel tube C and this is earthed. The wire F is one electrode 
and is connected to the electrometer. The other electrode consists of 
a thin sheet of steel lying against the inside of AB and connected 
through H toa battery. The chamber is air tight and may be exhausted 
by means of a vacuum pump. The stop-cocks, K, are very convenient 
if the gas used does not attack the stop-cock grease. They are attached 
to small side-tubes from 5 to 10 cm long, one of which is used to exhaust 
the chamber, the other for admitting the gas to be employed. If the 
gas does attack the grease the side-tubes are sealed off after the chamber 
is filled. In order to minimize electrostatic difficulties the ionization 
chamber is enclosed entirely in lead with the exception of the thin 
window at A. 

The electrometer used for measuring the relative ionization is ordin- 
arily of the Curie type with a sensitiveness of about 4 meters per volt 
for a scale distant three meters. It is placed on a stand immediately 
above the spectrometer and the connecting wire between the ionization 
chamber and electrometer is imbedded in paraffin and shielded by 
brass tubes which are earthed. The electrometer itself is shielded by 
lead plates 1 cm thick. These precautions are necessary in order that 
the natural leak of the instrument and the ionization due to stray 
radiation may be reduced to a minimum. 

In setting up this spectrometer the x-ray tube is so adjusted that 
a vertical plane passing through the centers of the slits S, and S: con- 
tains the face of the target. The tube is then shifted slightly until the 
focal spot on the target face, as seen through the slits S, and S2, appears 
as a very narrow vertical line. This insures a small angular divergence 
of the incident beam of rays and at the same time gives a sufficiently 
large amount of energy in the beam. The slits are adjusted to be as 
nearly vertical as possible and after the adjustment of the target 
face S, is made very narrow (of the order of a fraction of a millimeter) 
while S; may be removed entirely. 

The crystal is placed on the crystal table and adjusted until its front 
face lies nearly on the axis of rotation of the instrument. The x-ray 
beam will not be reflected by a single plane in the crystal but by a num- 
ber of planes lying inside the crystal surface. The effective reflecting 
plane is defined to be the plane in the crystal such that, if all the x-rays 
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penetrated to it and were there reflected to the ionization chamber, the 
effect in the ionization chamber would be the same as the sum of the 
effects due to the various reflections actually taking place at the 
successive planes of atoms in the crystal. The effective reflecting plane 
is the one which should lie on the axis of rotation of the spectrometer 
though small displacements have no effect on the result if the slits 
and source are properly arranged. In order to make the adjustment of 
the reflecting plane a known wave-length is measured on both sides 
of the zero position of the ionization chamber. This zero position 
is determined as the point at which the direct beam of rays is received 
in the chamber and need not be known accurately. If the effective 
reflecting plane lies on the axis of rotation the angle through which the 
ionization chamber is turned between the two observations of the known 
wave-length should be just 4¢ where 2¢ represents twice the angle of 
reflection of the line and is determined from the angle through which 
the crystal table is turned. If the ionization chamber must be turned 
through an angle greater than 4¢ between the two positions of the 
reflected line it is known that the effective reflecting plane is in front 
of the axis of rotation, that is, nearer the x-ray tube. If the angle is 
less than 4¢ the effective reflecting plane is behind the axis of rotation. 
It is not necessary to make this adjustment with great precision pro- 
vided that the ionization chamber slit has sufficient width to allow 
the entire reflected beam to enter the chamber. 

It is necessary that the relative positions of the crystal and ionization 
chamber be determined so that the ray reflected from the crystal 
planes to be used shall enter the ionization chamber. To make this 
adjustment the crystal table is turned about the axis until the reflecting 
crystal planes make an angle with the direct beam approximately equal 
to the angle required for the reflection of some wave-length in the 
spectrum. The ionization chamber is now placed near the point at 
which the reflected beam should appear and moved by short angular 
steps through the entire beam. The ionization currents secured, when 
plotted against ionization chamber angles, gives a curve which starts 
from near zero, rises to a maximum and again descends nearly to zero. 
The angle at which the maximum occurs is the correct position of the 
ionization chamber. By always moving it through twice the angle 
through which the crystal is turned the relative positions of the two 
remain correct. 

In making a series of wave-length measurements readings corre- 
sponding to the same spectral line are taken on both sides of the zero 
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position. If a reflecting crystal is used the crystal is turned through 
an angle equal either to 180°+2¢ or 180° —2¢@ in passing from one side 
of the zero to the other. In case the x-ray beam is transmitted through 
the crystal, which is frequently true for thin crystals, the crystal is 
turned through an angle equal to 2¢. In any case the magnitude of the 
angle is easily determined. The angle through which the ionization 
chamber is turned does not enter into the calculation. 

There are four kinds of wave-lengths associated with each series of 
characteristic x-rays: 

a) Critical ionization wave-lengths. A critical ionization wave-length 
characteristic of a chemical element is defined as a wave-length such 
that, if the element is present in a gas through which x-rays pass, 
x-rays of shorter wave-length than the critical value ionize the gas 
more strongly than do x-rays of longer wave-length than the critical 
value. 

b) Critical absorption wave-lengths. A critical absorption wave- 
length characteristic of a chemical element is a wave-length such 
that if the element lies in the path of the x-rays it absorbs the rays 
of wave-length shorter than the critical value more strongly than 
rays of wave-length longer than the critical value. 

c) Emission wave-lengths. Each series of x-rays contains a number 
of emission lines of different wave-lengths. 

(d) Quantum wave-lengths. A quantum wave-length is a wave-length 
such that, if it is substituted in the quantum equation, Ve=hy, it 
gives the energy of the electron necessary to produce the series of 
x-rays with which it is associated. 

It has been shown that within the limits of experimental error a 
critical ionization wave-length characteristic of a given element equals 
the critical absorption wave-length characteristic of the same element 
and associated with the same series and that the quantum wave-length 
coincides with the corresponding critical absorption wave-length 
within the limits of error of the measurements.” 

In determining an emission wave-length the crystal table is turned 
about the axis until the approximate position is reached for the reflec- 
tion of the given line. The ionization chamber is moved into position 
to receive the reflected ray and both crystal and chamber rotated 
about the axis, the crystal in steps of 15’’ and the chamber in steps of 
30", 


The ionization current is measured in each position and its 


'W. Duane, Data Relating to X-ray Spectra. Bul. Nat’] Research Council, 1920. 
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values are plotted as ordinates against crystal table angles as abscissae. 
A curve similar to the ones shown in Figs. 11a" and 11)” results, 
There will be a sharp peak corresponding to each emission line of the 
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spectrum. The position of this peak can be determined as lying between 
two successive readings and the reading to which it is nearer can also 
be determined. This gives an error in the location of the peak of some- 





1 Duane and Hu, P. R. /4, p. 369; 1919. 
2 Duane and Patterson, P. R. 16, p. 526; 1920. 
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thing less than 3.8’". If the crystal table is now turned through 2¢ + 
180° and the ionization chamber through 4¢ and the readings taken in 
this new position another peak is secured for the particular line desired. 
[ts position is determined as before to within less than 3.8’’. The angle 
between the two peaks as measured by the turning of the crystal table 


e/s 


is accurate to about 7.5 
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In determining a critical absorption wave-length for an element, the 
element in the form of a thin sheet or powder is placed between slit So, 
and the crystal and the same procedure gone through as with the 
emission wave-lengths. However, when the ionjzation currents are 
plotted against the crystal table angles instead of securing peaks as in 
the case of emission wave-lengths, sharp drops are secured as shown” in 
Fig. 12. The drops in the curves correspond to the positions of the 
critical absorption wave-lengths. The center of the straight line drop 


'S Duane, Fricke, Stenstrom, Proc. Nat’l Acad. 6, p. 607; 1920. 
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is taken as the correct position of this wave-length in each case and this 
position may be estimated to within 7.’’5 of arc. Since measurements 
are taken on both sides the zero the errors are additive and 26 is in error 
about 15’’. 
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As stated above some of the errors usually present in the measure- 
ment of wave-lengths do not occur in the measurements by this spec- 
trometer. This is due to the arrangement of the slits and source and to 
the fact that the angle 2¢ is determined by the positions of the crystal 
table and not by the positions of the ionization chamber. The arrange- 
ment of the slits is shown in Fig. 13. F is the focal spot on the target of 
the x-ray tube and together with S, serves to define the angular width 
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of the beam. Both are made very narrow (of the order of a fraction 
of amm) while slit S; is wide enough to admit the entire reflected beam 
into the ionization chamber. Since the entire beam enters the chamber 
and the position of the crystal table determines the value of ¢, it is 
evident that errors due to the following causes are eliminated; (a) pene- 
tration of the rays into the crystal, (b) failure of the effective reflecting 
plane to coincide exactly with the axis of rotation, (c) the center of the 
x-ray beam not falling exactly on the axis of rotation, and (d) minor 
defects in the crystal itself. There remains then only the error in the 
reading of the angle. The scale can be read correctly to 5’’ in the best 





instrument and since the point of the peak is a result of a number of 
readings it is safe to consider the peak for each emission wave-length as 
accurate to 3.8’’ as explained above. Since in determining the angle 
2¢ this error is additive, ¢ will be in error by about 3.8”’ or for angles in 
the neighborhood of 2° there will be an error of about .05 per cent. 

The absorption wave-lengths are approximately one-half as accurate 
since 2p can be determined to within but approximately 15’’. This 
gives an error of about 0.1 per cent for values of @ near 2°. 

In 1915 Duane and Hunt™ showed that the quantum equation, 
Ve=hy applies to the limit of the continuous x-ray spectrum and used 
this equation to determine the value of hk. V is the maximum potential 
difference which acts upon the electrons, e is the charge carried by an 
electron and » is the frequency_of the short wave-length limit of the 


' Duane and Hunt, P. R. 6, p. 166; 1915. 
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continuous spectrum. If V and v are determined accurately, 4 may be 
found, e being assumed known. 

In the determinations of # and also of the longer wave-lengths the 
x-ray tube is excited by a high-potential storage battery, the voltage of 
which may be kept quite constant by means of water resistances. Also 
the x-ray tube is fitted with a glass side-arm closed at the end by 
a thin mica window and arranged in such a way that the rays going off 
from the target almost at grazing incidence pass through the mica 
window on the way to the crystal. This gives a greater intensity of 
radiation since the rays pass through less air and through thin mica 
instead of glass and with greater intensity the slit S: may be made 
narrower thus making smaller the slit correction which must be applied 
in the h determinations as will be explained later. 

The value of v is the quantity which is determined immediately by 
means of the spectrometer. This value of »v is the h'ghest frequency 
which is produced by the particular voltage, V, impressed on the x-ray 
tube. There are two methods of procedure. Either the crystal table 
may be set on a given angle corresponding to a known value of v and 
the voltage lowered by steps until the ionization current disappears or 
the voltage may be kept constant and the crystal table and ionization 
chamber turned about the axis until the point is reached where the 
ionization current ceases. 

In the second method if ionization currents are plotted against 
crystal table angles curves” similar to A and B, Fig. 14 are secured. 
These two curves represent one determination on either side of the 
zero. The horizontal portions of the curves correspond to the natural 
leak of the instrument and the current due to stray radiation. The 
inclined portions of the curves represent the radiation reflected from 
the crystal planes. It is seen that these portions of the curves corre- 
spond to angular changes of only 2’ and 3’ respectively and since the 
total angle ¢ is about 290’ the point at which the ionization current 
ceases can be determined quite definitely. The error in this determina- 
tion is estimated as about 7’’. While the inclined portion of one of the 
curves is a straight line and so far as can be seen from the curves con- 
tinues a straight line until it cuts the horizontal axis, yet a slit correc- 
tion must be applied due to the fact that the source and slit S, are not 
mathematical lines. The smaller the magnitude of these two widths 
the smaller the slit correction. 


4% Duane, Palmer, Yeh, J. O.S. A. 5, p. 213; 1921. 
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The correction to be added to the angle 2¢ is evidently the greatest 
angle between any of the rays in the x-ray beam and is calculated from 
the breadth of the source and slit S, since in this set-up slit S, is re- 
moved. The total angle to be added to 29 is, then, the angular breadth 
of the slit as seen from the source plus the angular breadth of the source 
as seen from the slit. The width of the source can be estimated from 
the marks on the target and in one case"® this width was 8 mm. Since 
the slit for this case was distant 760 mm from the target and the rays 
through the slit made an angle with the target face of about 24’ the 
angular breadth of the source was 15’’. 


Ionization Current, mm.per sec. 
Ionization Current mm. per sec 





55 


rt ly 
Crystal Table Angles. 
Fic. 14 


The actual breadth of the slit tegether with the distance from source 
to slit determine the angular slit-breadth. To determine the width of 
the slit the crystal table is removed and the slits S, and S; put in line. 
S» is then closed by means of a micrometer screw it carries and the 
ionization current read for different settings of the micrometer. If 
ionization currents are plotted as ordinates against micrometer readings 


" Duane, Palmer, Yeh. J. O. S. A. 5, p. 213; 1921. 
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as abscissae a straight line results and the point at which this line crosses 
the axis of abscissae determines the original effective width of the slit. 

In the case mentioned above the slit was originally 0.313 mm in 
width and since source-slit distance was 760 mm the angular slit-width 
as seen from the target was 1’ 25’’.. Then the total correction to 2¢ was 
1’ 40’’. In this connection another method of determining this correc- 
tion was desired as a check and several emission lines were measure« 
with the thought that the width of the peak would serve as a measure- 
ment of the angular divergence of the beam of rays. In every case the 
width of the peak gave a slightly larger correction than the one cal- 
culated. However, when ethyl-bromide was used in the ionization 
chamber and the rise in the ionization current corresponding to the 
critical ionization wave-length of bromine was examined it was found 
that the width of this rise was almost exactly the width of the slit 
correction as calculated geometrically (Fig. 14C). In this case it was 
found to be 142’. 

The difference of potential, V, is determined by a simple potenti- 
ometer arrangement in which the voltage across the x-ray tube is 
compared directly with the electromotive force of a standard cell. The 
main circuit of the potentiometer consists of a large number of coils 
of manganin wire having a total resistance of over six million ohms. 
In the measurements the ratio of two resistances in the main potenti- 
ometer circuit gives the ratio of the voltage drop to the electromotive 
force of the standard cell. The ratio of two resistances can be measured 
very accurately so that the accuracy of measurement of V is regarded 
as the same as the accuracy of measurement of the standard cells. All 
the standard cells used were certified by the Bureau of Standards as 
accurate to one part in ten thousand. The value of / found as the 
mean of a number of determinations is 6.556 10-*’. If no account is 
taken of the errors in e, the electronic charge, c, the velocity of light and 
d, the grating constant of calcite, the error of precision in h is estimated 
at +.003. If errors in e, c and d are taken into account the estimated 
error is +.009. This value of / is oneof the most accurate that has ever 
been determined and as stated above its determination stands as one of 
the distinct advantages of the ionization spectrometer. For absorption 
measurements also this spectrometer seems to be better suited than 
the photographic types but for long wave-lengths the latter must be 
used since a vacuum spectrograph is essential. 

Several tables of wave-lengths are given in the following pages and 
all the values have been written to but five significant figures though in 
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some cases the original values are given to one or two more. In the L 
emission series of the heavy elements there is some disagreement in the 
results of different authors and so several values are given. Table 10 is 
taken from a paper by Bohr and Coster '’ and represents the values of 
the energy levels for the atoms of the different elements. The results 
given are the wave numbers divided by the Rydberg constant. Values 
marked in this table with an asterisk are interpolated values or are cal- 
culated from interpolated values. 

In conclusion I wish to express my appreciation of the many helpful 
criticisms and suggestions given me by Prof. William Duane in whose 
laboratory many of the results given in this paper have been secured. 

JerFERSON PHysICAL LABORATORY, 

HARVARD UNIVERSITY. 


Bohr, Coster ZS. fur Physik, /2, p. 342; 1923. 
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Critical Absorption Wave-lengths, K Series X10 cm. 











Element 


| Ionization Method. For 
Calcite 
d=3.028X10- cm. 


| Photographic Method. For Rock Salt | 
d=2.814X10-* cm. 





Ww 





Magnesium 


| Aluminum 


| Phosphorus 


Sulphur 

Chlorine 
Argon 

| Potassium 
Calcium 

| Scandium 

Titanium 

Vanadium 

Chromium 


Manganese 


Iron 

| Cobalt 
Nickel 

| Copper 

| Zinc 

Gallium 


| Germanium 


| Arsenic 

| Selenium 
Bromine 

| Krypton 
Rubidium 
Strontium 

| Yttrium 

| Zirconium 





——| Duane, Blake, Hu, Fricke, 
Stenstrém and Shimizu. 





agner Fricke 
9.5112 
7.9470 
5.7580 
5.0123 
4.3844 
3.8657 
3.4345 
3.0633 
2.7517 
2.4937 
2.2653 
2.0675 
1.8892 
| 1.740 1.7396 
1.6018 
1.485 1.4890 
1.375 1.3785 
1.2963 
1.1902 
1.1146 
1.0435 
9790 
0.917 9179 
0.8143 
0.7696 
0.7255 
0.6872 
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Atomik | 
Num Element | de Broglie | Wagner | Siegbahn- | Duane, Blake, Hu, Fricke, 
hes Jénsson Stenstrém and Shimizu. 
41 | Niobium 0.648 0.6503 
42 | Molybdenum 0.614 0.6184 
44 | Ruthenium 0.5584 
45 | Rhodium 0.5330 
46 | Palladium | 0.505 0.513 0.5075 
47 | Silver | 0.482 0.484 0.4850 
48 | Cadmium 0. 460 0.462 0.4629 0.4632 
49 | Indium 0.4434 
50 | Tin | 0.421 0.422 | 0.4231 0.4242 
51 | Antimony 0.401 0.405 | 0.4065 
52 | Tellurium 0.385 0.383 0.3877 0.3896 
53 | Iodine | 0.369 0.369 0.3715 0.3737 
54 | Xenon | 0.3588 
55 | Caesium 0.340 | 0.3436 0.3444 
56 | Barium 0.327 0.331 0.3306 0.3307 
57 | Lanthanum 0.313 0.3186 0.3188 ™ 
58 | Cerium | 0.300 0.298 0. 3064 0. 3068 
59 | Praseodymium 0.2946 
6) | Neodymium 0.282 | 0.2835 0.2861 
62 | Samarium 0.2636 
63 | Europium 0.2543 
64 | Gadolinium 0.2456 
65 | Terbium 0.2398 
66 | Dysprosium 0.2294 0.2308 
67 | Holmium | 0.2214 
Martin 
68 | Erbium 0.2159 
t 69 | Thulium 0.208 
70 | Neo-Ytterbium| 0.2015 
71 | Lutecium 0.195 
72 | Hafnium 0.1905 
74 | Tungsten 0.1781 
76 | Osmium 0.1683 
78 | Platinum 0.152 0.1578 0.1581 
79 Gold 0.149 0.1524 0.1534 
80 | Mercury 0.146 0.1479 0.1491 
81 Thallium 0.142 0.1427 0.1448 
82 | Lead 0.138 0.1385 0.1410 
. 83 | Bismuth 0.133 0. 1346 0.1372 
j 90 | Thorium 0.1127 0.1131 
i 92 | Uranium 0.1048 0.1075 





References: de Broglie, Journ. de Physique, p. 161; May-June, 1916, and C. R. 170, 
p. 725; 1920; Wagner, Ann. der Phys. 46, p. 868; 1915; Blake and Duane, P. R. 10, pp. 98 
ig ind 698; 1917. Duane and Hu, P. R. //, p. 488; 1918; and /4, p. 516; 1919; Duane and Shim 
b izu, P. R. 13, p. 159 and J4, p. 523; 1919. Siegbahn and Jonsson, Physik. Zeit. 20, p. 251; 
1919. Fricke, P. R. 16, p. 202; 1920. Duane, Fricke and Stenstrom, Nat. Acad. Proc. 
Sept. 1920. de Broglie and Lepape, C. R. /76, p. 1611; 1923. Martin, Roy. Soc. Victoria 
Proc. 35, 2. p. 164. de Broglie and Caprera C. R. 176, p. 433; 1923. 
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Critical Absorption Wave-lengths in the L Series \X10* cm. 


Photographic Method; (H) Hertz, (L) Lindsay, (C) Cork, (B) de Broglie (D) Dauv illier 





(DP) Duane and Patterson. 











and Lepape. (Co) Coster. Ionization Method: 

Atomic 

Number Element Ly L, Ls 
51 Antimony 2.9945 2.8310 2.6327 
52 | Tellurium 2.8410 2.6837 2.5026 
53 Iodine 2.7124 2.5483 2.3819 
54 | Xenon 2.5875 2.4253 2.2724 
55 | Caesium 2.4678 2.3073 2.1605 
56 | Barium 2.3577 2.1995 2.0602 
57 Lanthanum 2.250 2.098 1.971 
58 Cerium 2.158 2.007 1.887 
59 | Praseodymium 2.071 1.922 1.808 
60 | Neodymium 1.992 1.842 1.736 
62 | Samarium 1.8410 1.6905 | 1.5996 
63 | Europium 1.7647 1.5896 1.5337 
64 | Gadolinium 1.699 1.550 1.470 
66 | Dysprosium | 1.576 1.435 1.362 
68 | Erbium 1.478 1.336 1.265 
70 Ytterbium 1.386 1.242 1.171 
72 Hafnium 1.2930 1.1515 1.097 
73 Tantalum 1.253 1.1118 1.058 
74 Tungsten 1.2136 1.0726 1.024 
76 Osmium 1.138 0.9985 0.9515 
77 ~—*| Iridium 1.1036 0.965 0.9195 
78 =| Platinum 1.0704 0.9321 0.8885 
79 | Gold 1.0383 0.8993 0.8606 
80 Mercury 1.0067 0.8700 0.8335 
81 Thorium 0.9776 0.8415 0.8055 
82 | Lead 0.9497 | 0.8133 | 0.7803 
83 Bismuth 0.9216 0.7872 0.7532 
88 Radium 0.802 0.668 
90 Thorium 0.7596 0.6286 0.6044 
92 Uranium 0.7214 0.5918 0.5685 
References: Hertz, ZS. f. Phys. 3, p. 








Author 


L 
L 
L 
D 


DP 
DP 
DP 
DP 
DP 
DP 
B 

DP 
DP 


Acad. Proc.; 





Sept. 


19; 1920; de Broglie, Journ. de Phys. May-June 
1916 and p. 31; Jan. 1919; Duane and Patterson, Nat. 


1920. Cork 











P. R. 21, p. 326; 1923. Lindsay, C. R. 175, p. 150; 1922. A. Lepape and A. Dauvillier, C. R 
177, p. 34; 1923. 
TABLE 3. Critical Absorption Wave-lengths in the M Series. » K 10° cm. 
Photographic Method by Stenstrém (S) and Coster (©) ). 
Atomic | 
Number | — | | 3 = tM M; Author 
| a ee 
83 | Bismuth | 4.762 a 4.5609 | 3.894 | c 
90 | Thorium | 3.721 | 3.552 | 3.058 | | i. 
90 | Thorium | ey ae? oO ee 
92 | Uranium | 3.491 | 3.326 | 2.873 S 
ae | Uranium | | 2.385 2.228 Re 
References: Stenstrém, Doctor’s Dissertation, Lund, 1919. 


Coster, P. R. 19, p. 20; 1922. 
Also Ross, P. R. 22, p. 221; 1923. 
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a, a; 3 y 
40 Zirconium 793 . 788 705 
41 Niobium 754 749 669 657 
42 Molybdenum 71212 70783 63110 .6197 D 
H Ruthenium 6454 6410 5705 . 5593 Aand D 
45 Rhodium 61636 61210 54527 . 5342 D 
46 Palladium 58850 58421 51962 . 51021 
47 Silver 56251 55816 49597 491 
48 Cadmiun 53837 53395 47414 4647 
49 Indium 515 510 453 440) 
50 Tin 49385 . 48947 .432 
51 Antimony 472 . 468 416 . 408 
52 Tellurium . 456 404 
53 Iodine 4417 . 4368 . 3878 . 3818 D and C 
55 Caesium 402 . 398 . 352 
56 Barium 393 . 388 . 343 
57 Lanthanum 376 . 372 . 329 
58 Cerium 3600 . 355 314 
59 Praseodyntium 347 . 342 . 301 
60 Neodymium 335 . 330 292 
74 Tungsten 21341 . 20860 18420 . 17901 D 
77 | Iridium . 1958 , 1684 S and L 
78 Platinum .19010 , 18528 1634 . 1582 


References: (D) W. Duane and co-workers, Bull. Nat’ Research Council, Data Relating to 
X-ray Spectra, Nov., 1920. (D. and C.) W. Duane and G. L. Clark, Proc. Nat’l Acad. De: 
1923 and Jan., 1924. (A. and D.) Auger and Dauvillier, C. R. 176, p. 1297; 1923. (S. and L 
Seemann and Lilienfeld, Phys. Zeit., /9, p. 269; 1918. All values not designated are by 
Siegbahn and his co-workers at Lund. M. Siegbahn, Jahr. d Radioak. u. Elektronik, /%, 
p. 240; 1921, and Siegbahn and DolejSek, ZS. f. Phys. 10, p. 159; 1922. Siegbahn, Spektros 
kopie der Réntgenstrahlen p. 101. 
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TaBLe 5. Emission Wave-lengths in the L Series }X 10° cm. 
a2 a; a’; a; a By 8’, Bis 

29 Cu 13.309 

30 Zn 12.223 11.951 

32 Ge 10.414 

3 As 9. 6503 9.6173 9. 3940 

34 Se 8.9706 8. 9386 8.7172 

35 Br 8. 3566 8.3262 8. 1076 

37 Rb 7. 3027 7.2710 | 7.2488 7.0604 | 7.041 7.0224 
38 Sr 6. 8478 6.8183 | 6.7973 6.6092 | 6.590 6. 5734 
30 6. 4349 6. 4065 | 6. 1984 

40 Zr 6.0559 6.0291 6.0132 5.8228 | 5.807 5.7933 
41 Nb 5.717 5.7113 5.6849 | 5.6711 5.4796 | 5.465 5.4497 
42 Mo 5.400 5. 3943 5.3703 | 5.3564 5.1658 | 5.150 | 5.1384 
44 Ru 4. 8437 4.8357 4.818 4.6110 

$5 Rh 4. 5956 4.5878 | 4.5649 | 4.5713 | 4.5588 4.3640 4.351 4. 3425 
46 Pd 4. 3666 4.3585 | 4.3362 | 4.3427 | 4.3309 4.1373 | 4.125 4.1171 
47 Ag 4. 1538 4.1456 | 4.1254 | 4.1310 | 4.1194 3.9266 | 3.914 3.9069 
48 Cd 3.9564 3.9478 | 3.9288 | 3.933 3.7301 | 3.719 3.7116 
49 In 3.7724 3.7637 | 3.7447 | 3.7499 3.5478 | 3.539 3. 5304 
50 Sn 3.0011 3.5922 | 3.5740 © 3.3779 | 3.367 3.3607 
51 Sb | 3.4408 | 3.4318 | 3.4138 3.2184 | 3.210 | 3.2026 
52 Te 3.2910 3.0700 

53 I 3. 1509 2.9309 

55 Cs 2.8956 2.6778 

56 Ba 2.7790 2.5622 

57 La 2. 6689 2.4533 

58 Ce 2.5651 2.3510 

59 Pr 2.4676 2.2539 

60 Nd 2.3756 2. 1622 





= atom 
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Bs Bs | Bs 
29 Cu 
30 Zn 
32 Ge 
33 As 
34 Se 
35 Br 
37 Rb | 6.8028 | 6.7699 | 6.9675 | 
38 Sr 6.3855 | 6.3499 | 6.5053 | 
39Y 6.0019 | 5.9678 
40 Zr 5.6527 | 5.6182 | 5.6935 
41 Nb | 5.3314 | 5.2959! 5.3461 | 
42 Mo | 5.0358 | 5.0002 
44Ru | 4.5126| 4.4764 | 4.4764 | 
45Rh | 4.2778 | 4.2413 | 4.2301 | 
46Pd | 4.0623 | 4.0257 | 4.0070 
47 Ag | 3.8611 | 3.8245 | 3.7994 
48 Cd | 3.6743 | 3.6364 | 3.6073 
49 In 3.499 3.4280 
50 Sn 3.3363 | 3.2989 | 3.2622 
51Sb | 3.1843 | 3.1451 | 3.1078 
52Te | 3.0400 | 3.0013 | 2.9644 
531 2.906 | 2.867 
55Cs | 2.6605 | 2.6229 | 2.5875 
56Ba | 2.5498 | 2.5110 | 2.4772 
57 La | 2.4443 | 2.4053 
58Ce | 2.3448 | 2.3059 
59 Pr 2.254 | 2.2124 
60Nd | 2.162 | 2.1223 
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TABLE 5. (Continued.) Emission Wave-lengths in the L Series \X10* cm. 
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| TABLE 5. (Continued.) Emission Wave-Lengths in the L Series }X10* cm. 
¥5 71 Y 73 7 l n 
x 29 Cu 
30 Zn 
32 Ge 
33 As 
34 Se 
35 Br 
37 Rb |: 6.7386 6.0282 8.0290 
38 Sr 6.2788 5.6294 7.821 | 7.505 
30 Y 
40 Zr 5.4810 | 5.3730 4.9412 6.898 | 6.5931 
41 Nb 5.0241 4.639 6.509 | 6.195 
42Mo | 4.8190) 4.7111 4.3613 5.835 
4Ru | 4.2766 4.1728 3. 8879 4.9112 
15Rh | 4.0352 | 3.9357 3.6770 5.2070 | 4.6502 
46 Pd 3.8116 | 3.7164 3.4809 4.9396 | 4.4101 
17Ag | 3.6073 | 3.5149 3. 2997 4.6976 | 4.1875 
48Cd | 3.4181 | 3.3280 3. 1316 4.4713 | 3.9761 
49 In 3.2418 | 3.1553 2.9736 2.9191 | 4.2593 | 3.7818 
50 Sn 3.0774 | 2.9949 2.8273 2.7713 | 4.0633 | 3.5996 
51 Sb 2.9256 | 2.8451 2. 6889 2.6336 | 3.8803 
52 Te 2.7831 | 2.7065 2. 5649 2.5057 | 3.7101 
53 1 2. 5775 
55 Cs 2.3425 | 2.2322 | 2.2270 | 2.1691 | 2.9833 
56Ba | 2.3023 | 2.2366 | 2.1340 | 2.1296 | 2.0715 | 3.1287 | 2.8571 
57 La 2. 1372 3.000 | 
58 Ce 2.0443 | 
59 Pr 1. 9568 2.7881 | 
60 Nd 1. 8738 2.6703 | 
At | | | 
No a2 a Bs Bi Bs | fe | Bs mn | | % | % 
62Sm |2.2087| 2. 1950 1.9936] 1.958 |1.877 1.7231] 1.657| | 
63 Eu |2.1273| 2.1163) 1.921) 1.9163) 1.886 |1.807 1.659 | 1.598) 
64 Gal |2. 0526) 2.0419) 1. 848) 1.8425] 1.809 [1.741 | 1. 5886) | | 
; 65 Th |1.9823| 1.9715) 1.781) 1.7727) 1.7426|1.6793| 1.656) 1.529 | 1.474) 1.468|1. 434 
66 Dy |1.9156| 1.9046} 1.718) 1.7066) 1.680 |1.6198) 1.467 | 1.419) 1.415) 
4 67 Ho |1.8521| 1.8410) 1.653] 1.6435) 1.6168)1. 5637 1.412 | 1.366) 1.361 
| 68 Er |1. 7914) 1.7804) 1.596) 1.5834! 1.556 |1.5112 1.363 | 1.320) 1.313! 
\ 70 Yb |1.6789| 1.6678) 1.488) 1.472 | 1.448 |1.412 1.265 | 1.225) 1.221] 
; 71 Lu !1.6264) 1.6155) 1.434] 1.417 | 1.395 |1. 366 1.220 | 1.184] 1.180 





References: Results are by Siegbahn and his co-workers at Lund. 
Jahr. d. Radioak, u. Elek. 18, p. 280; 1921. 
A. Z4%ek, ZS. {. Phys. 15, p. 31; 1923. 


D. Coster P.M., 43, p. 1070, 1922; ZS. f. Physik 6, p. 185; 1921. 
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TABLE 6. Emission Wave-lengths in the L Series of Tungsten. 10° cm. 


Photographic Methods 


For Rock-salt d= 2.814 10° cm. 














line | Gorton | Dershem 
| | 
ae 
l 
a 1.476 1. 4828 
a 1.466 | 1.4722 
- | 1.4163 
Bs 1.292 1.2977 
Bs 1. 283 1. 2868 
Bi 1.275 1. 2784 
Bs | 1.256 1. 2586 
Ba | 1.237 1. 2416 
Bs 
Br 1. 2202 
Bs 
Bio | 1. 2¢ 
Bo | 1.1773 
~ | 1.1292 
m | 1.094 1.0953 
" 1.0705 
oe 1.0648 
3 | 1.057 1.0587 
1.0427 
¥% } 1.025 1.0253 





References: W. S. Gorton, P. 
p. 646; 1916. E. Dershem, P.R., 


Siegbahn, P.M. 38, p. 639; 1919. Jahr. d. Radioak, u. Elek. /8, p. 284; 1921. Duane and 
Patterson, P.R., 15, p. 328; 1920. 
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Ionization Method 
For Calcite d= 3.028 X 10* cm. 
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Taste 7. Emission Wave-lengths in the L Series of Some of the Heavy Elements by Coster 








AX 10* cm. 

At. | | 

No. l a2 a n Bs Be Bi Bs By 
69 Tm 1.7339 | 1.7228 | 1.6923)1.5412 (1.5115 (1.5268 1.5023 (1.4602 
72 Hf |1.7774)1.5770 | 1.5661 | 1.5197)1.3893 (1.3711* |1.3711* (1.3497 /|1.3235 
73 Ta |1.7242)1.5294 | 1.5183 1.46551. 3422 1.3267 '1.3235 1.3033 |1.2810 
76 Os 1.3982 | 1.3882 1.2150 (1.2048 (1.1946 1.1772 |1. 1684 
77 Ir |1. 3594 | 1.3483 | 1. 1764 1.1717 1.1550 (1.1379 |1.1329 
78 Pt |1.4972)1.3212 | 1.3101 | 1. 2401/1. 1398* |1.1398* 1.1172 1.0995* |1.0995* 
79 Au |1.4565)1.2849 | 1.2736 | 1. 1995/1. 1044 [1.1106 |1.0809 1.0678 
81 TI \1.2160 | 1.2047 | 1.125 |1.0371 (1.0480 (1.0127 .9978 (1.0079 
82 Pb (1.3466)1.1835 | 1.1720 | 1.0902)1.0047 (1.0188 .97990* | .96602 | .97990* 
83 Bi 1. 3130)1. 1533 | 1.1412 | 1.057 | .9754 . 9916 . 94930 . 9357 . 95293 
90 Th (1.1124 .96524 95342 . 789 . 8262 .76259* | .7521 . 79108 
92U 1.0648, .92014) .90833) .8029 .7454 . 78656 | .71807 . 7084 . 75268 

At. 

No. Bs Bz Bs Ys 71 v6 ¥2 Ys Yy 
69 Tm 1. 3523)1. 3127 1.2712 1.2653 (1.2264 
72 Hf 1. 3035 1. 2121)1. 1765 1. 1413 1.1356 (1.1001 
73 Ta /|1.2738/1.2600 |1. 2506 1.1700/1.1347 (1.1100 (1.1020 1.0962 (1.0624 
76 Os 1.140 1.0225 
77 Ir |1.1267 1. 1030 . 98841 | .9636* | .9636* . 9566 
78 Pt |1.0928)1.0785 |1.0701 .9855) .95545 .83a7" | .9317" . 9256 . 8950 
79 Au |1.0609'1.0465 (1.0382 .9542| .92437 | .90125* .90125* | .89568 | .8663 
81 Tl .988 | .9783 . 8942) . 86529 . 8417 . 8447 .8379 | .8100 
82 Pb .9735| .9590 | .94952 . 8639) . 83708 | .81370*| .8182 .81370*| .7836 
83 Bi | .9223 . 8378) .81065 | .7874* | .7929 . 7874* | .761 
90 Th | .76259* .65103 | .6301 
92U .73%) | .72413 .61283 | .5926 . 6044 . 5970 





Lines marked * lie so near together that they cannot be distinguished. 
Reference: D. Coster, ZS. f. Physik; 4, p. 178, 1921, 5, p. 139; 1921. P.M. 46, p. 956; 1923 
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TABLE 8. 


At. 
No. 


92 U 

79 Au 
78 Pt 
77 Ir 

76 Os 
74W 
73 Ta 
71 Lu 
70 Yb 
64 Gd 
63 Eu 
62 Sm 
60 Nd 
58 Ce 
56 Ba 
51 Sb 


TABLE 8 


At. 
No. 


92U 


79 Au | 


78 Pt 

77 Ir 

76 Os 
74.W 

73 Ta 
71 Lu 
70 Yb 
64 Gd 
63 Eu 
62 Sm 
60 Nd 
58 Ce 
56 Ba 


51 Sb 
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Wave-lengths of the L Series of Some of the Heavy Elements and Their Separation 
the L;, Lx, and Ls; groups by Dauvillier. 


Ly 
B;’ Bs Bg,” B; B;’ po” B.""" By B» 
7242 7340, . 7364 7459 . 7527 7547 
1.0360,1.0380 | 1.0412 | 1.0453)1.0472) 1.0610, 1.0623 1.0675 (|1.0695 
1.0700 1 .0762)1.0790 1.0941 1.0996 1.1010 
1. 1033 1. 1082'1. 1116 1.1273 1. 1329 
1. 1389 1. 1479 1.1616 1.1678 (1. 1696 
1.2146 1.2224 1.2360 1.2424 
1. 2518 1.2613) 1.2750 1. 2803 
1. 3998 1. 3466 1. 3579 1.3668 (1.3685 
1.4059 1.4124 
1.7093 1.7200} 1.7293 1.7420 
1.7734 1.7817) 1.7940 1. 8072 
1. 8437 1.8536, 1.8662 1.8788 
2.0066, 2.0138 2.0322 
2. 1640 2.1770| 2.1844 2. 2040 
2.3595 2.3717, 2.3813 2. 3813 
2.9677 3.0117 3.0164 


. (Continued) Wave-lengths of the L Series of Some of the Heavy Elements and Theis 


Separation into the L,, Lz, and L; groups by Dauvillier. 


Ly 

Bu Be Qa; a) a: S l l 
. 7859 | .9617 
1.1087 | 1.2689 | 1.2728 1.3481 | 1.4100 
1.1400 | 1.3049 | 1.3100 | 1.3210 1.4490 
1.1773 | 1.3433 | 1.3485 | 1.3595 | 1.4295 | 1.4900 
1.2107 | 1.3832 | 1.3883 | 1.3993 
1. 2883 1.5610 | 1.6216 
1.3280 | 1.5137 | 1.5177 | 1.5289 1.6086 | 1.6717 | 1.7235 
1.3984 1.6122 | 1.6176 
1.4624 

1.7487 | 1.8020 

1.8139 | 1.8689 

1.8860 | 1.9430 | 2.1846 | 2.1950 | 2.2054 

2.0395 | 2.0997 

2.2124 | 2.2772 











Sep 


8990 


92 U 

79 Au 
78 Pt 

77 Ir 

76 Os 
74 W 

73 Ta” 
71 Lu 
70 Yb 
64 Gd 
63 Eu 
62 Sm 
OO Nd 
38 Ce 
56 Ba 
51 Sb 


References 





1924] 


5923 
9012 
9315 
.9637 
.9991 
1.0720 
1.1107 
1.1969 
1.2405 
1.5615 
1.6241 
1.6926 
1.8246 
2.0091 
2.2016 
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L, 
Ye Y y a wh B, feel By By n 
6128 6344 7181 8028 
9075 9244 9533 1.0809 
9379 9503 9554 9851 1.1172, 1.1634 
9714 .9822) .9884 1.0197 1.1549) 1.2044) 1.2836 
1.0053 1.0225 1.0541 1.1946 1.3258 
1.0785) 1.0887) 1.0955 1.1288 1.2788) 1.3344 
1.1176 1.1290) 1.1355 1.1700 1.3231) 1.3832) 1.4672 
1.2016; 1.2119) 1.2194 1.2568 1.4205 1.5754 
1.2483) 1.2568) 1.2650 1.3038 1.4726 
1.5695) 1.5789) 1.5886) 1.5946 1.6375) 1.7033. 1.8351) 1.8425 
1 6334) 1.6422) 1.6535) 1.6589 1.7046) 1.7647) 1.9081) 1.9154 
1.7019) 1.7113) 1.7227 1.7287) 1.7763) 1.8340) 1.9876) 1.9948 2.2145 
1.8514) 1 8600) 1.8740) 1.8793) 1.8793) 1.8793) 2.1548) 2.1622 
2.0196) 2.0288 2.0455) 2.0511) 2.1060) 2.1531 2.3523 
2.2112 2 2186 2.3511 
2.840 2 8451 3.2216 3.5070 
L; 
Y4 Ye Y 7 77 77 Ds Bs Bs Ds 
5738 5968 6038 6797| .6853)' .7086) .7459 
8658, .8830 .8961 9025 1.0182, 1.0254) 1.0652 1.1041 
8940, .9120, .9258 9316 1.0524) 1.0593) 1.0996); 1.1400 
9245 .9426 .9568 9623 1.0874) 1.0977) 1.1384) 1.1773 
9572, .9750| .9888 9957 1.1238 1.1774 1.2159 
1.0262) 1 0439 1.0592 1.0656 1.2034) 1.2105) 1.2598) 1.2985 
1.0970 1.1024 1.2430) 1.2518) 1.3030) 1.3423 
1 1414 1.1605) 1.1765 1.1826 1.3330) 1.3398) 1 3984! 1.4372 
11826 1.2016 1.2194 1.2262 1 4488 1.4886 
1.4815 1.5269 1.5336 1.5383) 1.7200) 1 7293) 1 8113) 1.8501 
1.5410) 1 5619 1 5875) 1.5919 1.5953 1.5986 1.7860 1.7940 1.8815 
1 6032, 1.6261) 1 6517) 1.6560) 1.6604 1.6644) 1.8589, 1.8662) 1.9588 1.9948 
2.0138 2.1224)| 2.1622 
1.8948 1.9225) 1.9515 1.9561 1.9634 2.1844 2.3061 2.3452 
2.3755, 2.3813 
2.6332 2.6878 2.6946 2.9855)| 2.989 | 3.1463 3.1853 
Broglie, Les Rayons X. Dauvillier, Numerous References in C. R., p. 172 


1921, to p. 176, 1923. 
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TABLE 9. Emission Wave-lengths in the M Series. \X 10* cm. 


Photographic Method. 


For Calcite log 2d =0. 78233-—8 























Sugar log 2d=1.32512—8 
ae log 2d=1. 18056 — 8 
At. r | 7 | 
No. | M;P; | M,0;| M On| M\Ns| MiNs| MsNoc| MO, | MO, | MW; >’ 
71 Lu 6.780 
73 Ta 6.3501 
74.W | 6.066 | 6.085 
76 Os 4.779 | 4. 949 5.802 | 5.652 | 5.672 
77 Ir | 4.548 | | 4. 768 5.484 
78 Pt | 4.407 | 5.303 
79 Au 4.230 | §.131 
81 Tl 3.932 | 4.095 4.798 | 4.806 
82 Pb | 3.789 | 3.945 | 4.646 4.666 
83 Bi | 3.672 | 3.816 | 3.884 4.497 | 4.513 
90 Th 2.437 | 2.612 | 2.917 | 2.999 | 3.127 | 3.109 | 3.276 | 3.530 3.645 | 3.657 
92U | 2.248 | 2.299 | 2.439 | 2.750 | 2.815 | 2.909 | 2.927 | 3.107 | 3.321 [¥""3.466 3.472 
| | |__|’ 3.459 | 
_Emission W Wa ave- povengite 6 in the M Series (Continued) 
At. | 
No. M,P, | MO.) 8B’ p”’ B a’ a” a a: M,N;| M,N 
66 Dy 9.323 
67 Ho 8.919 8.943 9.150 
68 Er | 8.573 8.783 
70 Yb 7.852 7.870) 7.891 | 8.090 | 8.111 | 8.125 
71 Lu 7.560) 7.582 | 7.787 | 7.803 | 7.820 
73 Ta | 7.001 | 7.238 
74 W 6. 726) 6.745 6.952 | 6.973 
76 Os 6. 233) 6.256 6.459 | 6.481 6.882 
77 Ir 6.011) 6.030 | 6.223 | 6.250 6.663 | 8.012 
78 Pt 5. 797| 5.820 6.026 | 6.041 
79 Au | 5.619 5.812 | 5.831 | 6.264 
81 Tl 5.185 5.210) 5.233 | 5.427 | 5.443 5.879 
82 Pb 4.994 5.042) 5.065 | 5.242 | 5.250 | 5.273 | 5.687 | 6.727 
83 Bi 4.815 4.875) 4.894 | 5.078 5.107 | 5.117 | 5.525 | 6.498 
90 Th | 3.753 | 3.792 | 3.921 3.925) 3.931 4.097 4. 129 | 4.138 | 4.569 | 5.245 
92U | 3.514 | 3.570 | 3.684 |p’ 3. 700) 3.709 | | 3.885 | 3.901 | 3.913 | 4.326 | 4.929 
_ |e” 3. 696) 





MN, means the line produced when an electron passes from the N, energy level to the M, 
energy level. 

Reference: Hjalmar, Doctor’s Dissertation, Lund, 1923. See also Stenstrém, Doctor's 
Dissertation, Lund, 1919. Karcher, P. R. 15, p. 285; 1920. Ross, P. R. 22, p. 221; 1923 
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TABLE 9A. Measurements in the N Series XX 10* cm. 





At os eu pti ie 





No. | Element NP; NO; NO: | NoPs NO; 
2 Uranium 8.691 9.619 10. 385 12. 250 12.874 
90 Thorium 9. 397 10.030 11.046 13. 149 13.805 
83 Bismuth 13. 208 


Reference: Hjalmar, Dissertation, Lund, 1923. See also DolejSek, ZS. f. Physik, 10, p. 129° 


1922. 
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Experimental Arrangement for the Direct Determination of 
the Heat of Vaporization of Water.—The method described in this 
article is novel in not starting from the assumption that heat of vapori- 
zation is equal to the heat evolved when a given mass of vapor condenses 
into a liquid. Since it was primarily designed for a laboratory experi- 
ment, this is an important feature. Its simplicity gives it a strong 
appeal as an experiment for demonstration, and at the same time 
renders it capable of yielding results of fair accuracy. One disadvantaye 
is that the heat of vaporization is not measured at normal boiling point ; 
on the other hand there is compensating advantage in the fact that the 
method makes possible measurements at a variety of temperatures 
below boiling point. Two similar beakers of 250cc are partially filled 
with about the same quantity of water. Both beakers are heated until 
the temperature of the water rises to 70° or 80°C. Loss of heat takes 
place by conduction, by radiation, and by the evaporation from th« 
surface of the water. Ifat the same given temperature the surface of one 
beaker is covered with a few drops of thin oil the loss of heat by evapora 
tion is eliminated, and this beaker cools more slowly than the one not so 
treated. Essentially the method consists of counterpoising the two 
beakers on a balance of approximately .05 grams sensitivity, noting 
when the temperatures are the same, covering the surface of one beaker 
with oil, counterpoising once more, and allowing the water in the other 
beaker to evaporate until its temperature has fallen a definite amount, 
say 10° below the temperature of the other. Tc stop further evaporation 
the water in the second beaker is then covered with oil and, by weighing, 
the mass of water is found which has evaporated during the cooling 
process. Assuming that all of the excess heat lost in the one beaker as 
compared with the other was due to evaporation, the heat of vaporiza- 
tion is easily computed. The author points out a number of sources 
of error, chief among which is the fact that radiation losses from the 
two beakers are different because their mean temperatures during 
the period of evaporation are different. A method is suggested for 
eliminating this source of error. This is the well known procedure 
(ascribed to Rumford) of starting at a temperature as many degrees 
higher than the mean temperature of the protected beaker as the final 
temperature is below this point. Although this does not result in 
complete elimination of this source of error it does give acceptable 
results. A source of error is that the heat of vaporization at the lower 
temperature is higher, and that the specific heat of water is also about 
2% greater, than at the normal boiling point. The author gives a 
detailed discussion of sources of error and their elimination and, 
in a table of experimental results, shows the possibilities of the method. 
[Method for the direct determination of the latent heat of vaporization 


of water. Paul Werner, ZS. f. den Physikalischen und Chemischen 
Unterricht, 36, p. 30; 1923.] 


Pavut E. KLopstec 
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A NEW FORM OF PORTABLE ILLUMINOMETER 
By Davis H. Tuck! 
ABSTRACT 


Description of a new form of portable illuminometer and accessories 
known by the trade name of the Holophane Lightmeter, Model D. 
The instrument has been in development since 1918 and has been 
manufactured by the Keuffel and Esser Company since 1922. Various 
models are in use by several laboratories for the measurement of 
(a) INumination intensity; (b) Brightness; (c) Luminous intensity; 
(d) Luminous flux; (e) Reflection factor; (f) Absorption factor; 
(g) Transmission factor; (h) Special uses some of which are described. 

There have been available for several years, semi-portable illumino- 
meters such as the Sharp-Millar and Macbeth instruments, and the 
purpose of the new design was to incorporate the desirable features of 
these illuminometers and eliminate their bulk and weight. 

At the outset, it was decided to use the inverse square or a modifica- 
tion of the inverse square method of varying the illumination on the 
cube from the standard lamp. The Lummer-Brodhun cube principle 
was chosen for the optical arrangement. The chief variations from the 
usual constructions are the mechanical arrangements of the battery, 
rheostat, switch and electrical measuring device into an integral part 
of the instrument. 

The arrangement and construction of the instrument are shown in 
Figs. 1 and 2. Fig. 1 shows a cross section through the instrument in a 
plane at right angles to the axis of the telescope eye piece. Fig. 2 shows 
the complete assembly of the instrument. 

The voltmeter indicates the potential across the terminals of the 
standard lamp. This potential is controlled by a circular rheostat which 
is operated by turning a knurled disc through a window in the rear end. 
The three cell dry battery is housed in the sliding tube which carries 
the standard lamp and is of the ordinary three element flash lamp type. 
All electrical connections between the lamp, switch, rheostat and 
voltmeter are made automatically. The standard lamp is centered in a 
hemisphere painted inside with a sphere paint and covered with a disc 
of blue glass ground on one side. The ground side is turned toward the 
lamp so that the exposed surface of the glass is smooth and can be 


1 Electrical Engineer, The Holophane Company. 


303 








304 Davis H. Tuck |J.0.S.A. & R.S.1 


the result of the illumination produced by the ground blue glass on 
piece bf white diffusing glass held in the stationary cube mounting, an 
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Fic. 1. Cross section of Lightmeter show- 
ing construction. 





Fic. 2. Photograph of Lightmeter completely as- 
sembled with battery, rheostat, switch and voltmeter. 


the distance between the ground surface of the blue glass and the 
nearest surface of the white diffusing glass is maintained constant for 
all instruments, as this distance determines the position of a reference 
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easily kept clean. The bright spot observed through the eye piece is 
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point on the scale of the instrument. The standard lamp is moved with 
reference to the white glass diffusing disc by a pinion which engages a 
rack on the battery housing on which housing is engraved the scale. 
The standard lamp is a smal] tungsten filament lamp selected for 
flux output and seasoned. It is operated under its normal voltage so 
that its useful life? will be increased and the resulting yellow color is 
compensated for by the blue glass disc over the lamp housing. 
Provision is made for the introduction of absorbing and color filters 
on either side of the cube through slots in the cube housing. The 
range of the instrument as ordinarily supplied has a ratio of maximum 
to minimum reading of 150,000, although the range can be further 
increased by the use of additional absorbing filters. Wratton filters 
cemented between glass and mounted in metal are used because of their 
comparative freedom from selective absorption. Wratton color filters 
are also used to give special color matches which may be required. 
Outstanding mechanical features of the instrument are: 
(1) Light weight (3 pounds including the battery) 
(2) Dust tight cube housing 
(3) No tools required for taking apart and assembling 
Practical experience in making illumination measurements in the 
field has shown that a piece of white blotting paper with the matte 
surface used to reflect light is the most practical test plate. Ground milk 
glass test plates when carefully prepared, follow the law of diffuse 
reflection at larger angles to the direction of the incident light than does 
the blotting paper test plates, but these glass plates require frequent 
washing under unfavorable conditions and are easily broken. The 
blotting paper test plate is discarded when slightly soiled and its 
cheapness and reproductibility make it ideal for field measurements. 
In viewing the blotting paper test plate for making photometric 
measurements, the instrument should be held so that a line drawn 
through the axis of the telescope will be between 10 and 25 degrees 
from a line normal to the test plate. 


ILLUMINATION MEASUREMENTS 


The unit of illumination is the foot candle and is the illumination 
of a surface one foot distant from a one candlepower source. A surface 
having incident one lumen per square foot uniformly distributed has 
an illumination of one foot candle. 


? The useful life of the lamp is its operation on the flat portion of its candlepower life curve. 
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In order to make measurements of foot candles incident on any plane 
of measurement, the test plate is placed on the plane of measurement 
and the test plate is viewed through the telescope. The voltmeter when 
set on the arrow indicates that the proper current is passing through the 
standard lamp. The lamp and battery housing is then moved in or out 
by means of a rack or pinion, until the two ellipses in the photometri: 
field as viewed through the eye piece match in brightness. The scale 
reads directly in foot candles. 


BRIGHTNESS MEASUREMENTS 


The unit of brightness is the lambert which is defined as the bright- 
ness of a perfectly diffusing surface emitting one }umen per square 
centimeter. The one thousandth part of a lambert or the millilambert 
is the unit ordinarily used. 

A perfectly diffusing surface emitting one lumen per square foot will 
have a brightness of 1.076 millilamberts. The Lightmeter will therefore 
read directly in millilamberts by multiplying the scale reading by 
1.076 times the reflection coefficient of the test plate. In making 
brightness measurements, the test plate is not used, the surface whose 
brightness is required being viewed directly. 


CANDLEPOWER MEASUREMENTS 


Candlepower is the measure of luminous intensity. The present unit 
of luminous intensity is the international candle. The international 
candle is an arbitrary standard maintained at the National Bureau of 
Standards at Washington. To measure the candlepower of any source 
in a given direction, the illumination produced on the test plate at a 
measured distance from the light source in the given direction is 
determined and the candlepower computed by the relation E=J/d’. 
Here E is the illumination in foot candles incident on the test plate, 
I is the luminous intensity in candles, and d is the normal distance from 
the source to the test plate. 


COEFFICIENT OF DIFFUSE REFLECTION 


The coefficient of diffuse reflection of a surface is the ratio of the 


flux diffusely reflected from the surface to the flux incident on the 
surface. 

In order to determine the coefficient of diffuse reflection of a surface, 
the incident flux is measured by placing the test plate on the surface 
to be measured and measuring the foot candles (lumens per square 
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foot) incident on the surface. The test plate is then removed and a 
similar foot candle measurement made. The test plates supplied have 
a coefficient of reflection of 77 per cent when viewed at angles between 
10 and 25 degrees. The coefficient of diffuse reflection of a surface is 


therefore— 


. - @ ° Ea ace — 
Coefficient of Reflection = — 0.77 


5 
4 test plate 





Fic. 3. Photograph of an observer measuring the illumination intensity in foot candles on a desk. 


In addition to the measurements described above, there have been 
several interesting applications of the Lightmeter, one of which is the 
measurement of brightness for machine printing of motion picture 
films. It has been the practice in motion picture laboratories to adjust 
the distance of the light source from the printing aperture by trial which 
involved lost time and lost film. By measuring the brightness of a glass 
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diffusing disk at the printing aperture, the correct position of the 
printing lamp can be quickly and accurately determined. 

When taking motion picture negatives where the set involves con- 
siderable danger to the actors, a retake can often be made unnecessary 
by taking an illumination measurement before the picture is started 
to make certain that there is sufficient illumination. In making colored 
motion pictures, it is essential that the illumination be adequate and 
measurement before taking often saves the necessity of a retake. 

A special application of the Lightmeter has been made by a manu- 
facturer of radium luminous material. By measuring the brightness of 
samples of this material, its quality can be maintained to a standard. 
The brightness of this material varies from 1 to 100 microlamberts. 
A special form of instrument measuring 150 centimeters in length has 
been made so that the low brightness can be measured directly without 
the use of filters. 

THe HoLopHane Company, 


342 MapIson AVENUE, 
New York, N. Y. 


Variation of Intensity of Helium Lines with Bombarding- 
Voltage, above the Ionizing Potential.—Two independent sets of 
experiments in each of which helium atoms were bombarded by electrons 
of energies adjusted between 27 volts and 90 volts, the emission spec- 
trum being photographed. There are two entirely distinct helium 
spectra which are supposed to arise from two fundamentally different 
states of the atom; the relative intensity of these two spectra under 
various conditions is therefore of interest. The results of Udden and 
Jacobsen, which apparently are simply estimates made by visual 
inspection of plates, indicate that the orthohelium lines are much 
brighter than the parhelium lines at the lowest voltages used, but the 
latter increase steadily in relative intensity as the voltage is raised. 
The results of Bazzoni and Lay, which are measurements made by 
applying the neutral tinted wedge method of Nicholson and Merton, 
indicate on the contrary that there is no systematic difference between 
the two sets of lines at any voltage; but the orthohelium lines are 
found to rise in intensity from 25 to 35 volts, then diminish from 35 to 
55 velts and rise again beyond 55; while the parhelium lines rise steadily 
in intensity over the whole range, but the rise is slower in the middle 
part. The helium used by Bazzoni and Lay was especially pure, and 
they record that they could not maintain a luminous discharge in it 
below the resonance potential, unless and until they admitted mercury 
vapor to the tube——[C. B. Bazzoni and J. T. Lay, University of 
Pennsylvania, Phys. Rev. 23, pp. 327-336; 1924. A. Udden and J. C. 
Jacobsen, ibid. pp. 322-326.] K. K. Darrow 





poakaians SLSO 


at 








Pere tall ieiecb eh bom. em 


* 
4% 














Van tistes wlan Ane nalingtlbennsnaan Aa ab 








BIBLIOGRAPHY FOR MEASURING INSTRUMENTS 
WITH SPECIAL REFERENCE TO INSTRUMENTS 
AND METHODS OF METROLOGY USED IN 
MECHANICAL ENGINEERING 


CompPr!Lep BY F. J. ScHLINK! 


INTRODUCTORY NOTE 

This bibliography, which was prepared during a number of years of 
specialization in metrology, particularly in the use of physical research 
methods in engineering measurements, seeks to cover only those fields 
which are not adequately taken care of in other reference sources. 
Furthermore, purely descriptive papers have generally been omitted, 
unless of unusual interest and value, since such papers are usually not 
of permanent importance. 

Electrical instruments have been covered only to the extent of general 
papers or material directly applicable to mechanical engineering 
measurements. Some subjects have not been covered in detail because 
of the existence of extensive special bibliographies or sources of biblio- 
graphic information in those fields. Flow meters, for instance, are 
covered by a bibliography prepared under the direction of the A.S.M.E. 
Special Research Committee on Fluid Meters (Appendix D of Part 1, 
Fluid Meters, their theory and application.). A Committee on Instru- 
ments and Apparatus of the A.S.M.E. Power Test Codes Standing 
Committee will prepare a bibliography on Instruments especially 
applying to the field of power plant testing. For Aeronautic Instru- 
ments a bibliography is available from the National Advisory Com- 
mittee for Aeronautics. In the case of limit gages and gaging practice, 
the Bureau of Standards can supply bibliographic information. The 
available bibliography on weighing devices has been much abridged on 
account of the specialized nature of this topic. The present bibliog- 
rapher or the Bureau of Standards will be glad to supply additional 
references on this subject on request. 

In the special study of measuring instruments the following journals 
should be particularly noted as sources of reference material: 

Journal of the Optical Society and Review of Scientific Instruments 


Journal of Scientific Instruments (British) 
Engineering (British) 


' Member, Special Research Committee on Permanency and Accuracy of Indication of 
Engineering Instruments, American Society of Mechanical Engineers. 
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Elektrotechnische Zeitschrift (German) 
Zeitschrift fiir Instrumentenkunde (German) 
Journal de Physique (French) 
Annual Reports and Collected Researches of the National Physical Laboratory (British 
Annual Reports, Circulars, Technologic Papers and Scientific Papers of the United States 
Bureau of Standards 
Reports of the Annual Conferences on the Weights and Measures of the United Stat 
held at the Bureau of Standards 
American Machinist 
Machinery 
The Scale Journal 
and the following bibliographic sources 
(1) Science Abstracts 
(2) Royal Society Catalogue of Scientific Papers 
(3) International Catalogue of Scientific Literature 
(4) Physikalische Berichte 
(5) List of manuscript bibliographies in astronomy, mathematics and physics 
C. J. West and Callie Hull. Nat. Res. Council, No. 41, March 1923. 


The assistance of Messrs. E. C. Laughlin and H. M. Roeser of th 
Bureau of Standards in preparing portions of this bibliography is 
gratefully acknowledged. 


GENERAL MATERIAL, THEORETICAL OR BASIC, ON PHYSICAL AND 
MECHANICAL INSTRUMENTS 


Handbuch der Physikalische Maasbestimmung (Handbook of Physical Measurements 
Bernard Weinstein. Vols. I and II. Berlin, 1886-1888. 

Process of plotting curves by means of photography, E. Gerard. Phil. Mag. Sth series 
p. 180, (2p); 1890. 

List of manuscript bibliographies in astronomy, mathematics and physics, No. 41 of Re 
print and circular series of National Research Council. Physics bibliographies availabl 
include acoustics, elasticity, electrical measurements, thermal expansion, photo-elasticity, et: 

Experimental Elasticity, G. F. C. Searle, Cambridge, 1908. 

A device to prevent backlash in the toothed wheels and rack-and-pinion gears of scientifi 
instruments. Phil. Mag. 18, p. 336-340; 1909. 

The exception to Hooke’s law, Julian C. Smallwood, Phys. Rev. 33; 1911. Hysteresis in 
indicator cord, and suggestion of its application to other instruments. 

Technical Theory of Elasticity (German) Hans Lorenz, 1913. Munich and Berlin, 229 
figures. A very superior treatise in this field. 

Stress distribution in engineering materials, Rogers, Filon and Coker, Engineering 94 
p. 315; 1915. 

A generalized form of Hooke’s law, E. R. Hedrick, Eng. News, 74, p. 542-3; Sept. 16, 1915 
Shows that logarithmic form of stress strain curve better expresses results. 

An harmonic toothed wheel and its application in the construction of a laboratory chrono 
meter for registration by a uniform and continuous movement, A. Guillet. Comptes Rendus, 
160, p. 235-237; Feb. 15, 1915. 

Proposed standard numerals for the scales of measuring instruments, A. P. Trotter, Inst 
of Elec. Engrs. 54, 5 illus. (2p.); Feb. 1916. 

Dependence of progress in science on the development of instruments. Anthony Zeleny 
Science, p. 185 (8 p); Feb. 11, 1916. 
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On the choice of a uniform temperature for the calibration of measuring instruments. 
Ch. Cochet, Rev. Gen. de l’Electricité, 4, No. 20, pp. 740-742; Nov. 16, 1918. Recommends 
0°C as standard. 

Transformation of a nonuniformly divided scale into a uniformly divided one, H. Kriiss. 
Zeit. f. Instrumentenkunde (6p); Dec. 1918. 

The double suspension mirror, L. Southerns, Phil. Mag. Dec. 1918. A means of optically 
magnifying small movements. 

Engineering instruments and meters. E. A. Griffiths, (Nat. Phys. Lab.) Routledge, 
London, 1920. Covers wide range of subject matter; mainly descriptive; well illustrated. 

Notes on electrical measurement at a distance, Zeitschr. f. Fernmeldetéchnik, Neumann, 
March 5, 1920. New reed tachometer and resistance pyrometer, and pressure gage of new 
automatic remote reading type. 

Mechanical quality and scale characteristic of electrical Measuring instruments, George 
Keinath. Zeitschr. f. Fernmeldetéchnik, /, p. 74-77; April 5, 1920. 

Automatic photographic recorder, Automotive Industries, Apr. 15, 1920. Trowbridge 
apparatus for automatic recording of any quantity varying with time,—such as temperature 
pressure or motion,—that can be converted to electric current. 

Influence on electrical measuring instruments of temperature changes and prolonged 
connection in circuit. Zeitschr. f. Fernmeldetechnik, Apr. 20, 1920. 

An Instrument Record System, F. J. Schlink, Power. 52, No. 13, p. 510; Sept. 28, 1920. 

rhe technology of electrical measuring instruments (German) Georg Keinath, 450 p., 
72 illustrations; 192\. 

Method for the compensation of elastic after-effect. K. Bennewitz. Phys. Zeit., 22, 
p. 329-332; 1921. 

A new general law of deformation, P. G. Nutting, Frank. Inst. Journal /9/, pp. 679-685; 
May 1921. A new formulation of the law of elastic, viscous and plastic deformation. 

A physical phenomenon and its application to telegraphy, telephony, etc. A. Johnson and 
kK. Rahbek, Electrician, p. 694, June 3, 1921. A newly applied electro-frictional effect, also 
discussed extensively in other journals about this date: Engineering, The Engineer, etc. 

\eronautic instruments, Kurt Bennewitz, 386 illus.; 1922, Carl Schmidt, Berlin. 

Aeronautic Instruments, General Classification of instruments and problems, including 
bibliography of 200 references from 1892, by Mayo D. Hersey, Bureau of Standards, Report 
No. 125, Nat. Adv. Comm. for Aeronautics. 1922. Valuable outline treatment of problems of 
use, mechanical design, supply and selection, technique of testing, installation, maintenance 
and research. 

On the validity of the Hertz formulas for the calculation of the flattening of bodies used 
in measurement. G. Berndt. Z. Tech. Physik, No. 1ff. 1922. 

The organization of instrument control in industrial plants, F. J. Schlink. Management 
Engineering, 2, No. 2, p. 67-72; Feb. 1922. 

Note on Estimation of Tenths. Paul Kirkpatrick. Phys. Rev.; May 1922. Experiments 
to determine probability of error of estimation. 

The selection and use of instruments in industrial plants, F. J. Schlink. Management 
Engineering, 2, No. 6, p. 337-342; June 1922. 

Magnetic Pivot and Self-charging electroscope, C. E. S. Phillips. Phys. Soc. Proc. 34, 
p. 213; August 1922. Unloads needle pivot by magnetic pull, making friction extremely small. 
Mercury surface may support point. 

Simple model to illustrate Elastic Hysteresis, S. Lees. Phil. Mag. 44, p. 511-537; Sept. 
1922. Ultimate cause of such effects in ordinary solid friction. Largely mathematical treat- 
ment. Includes a number of diagrams. 

The Mechanical Design of Scientific Instruments, A. F. C. Pollard, Roy. Soc. of Arts 
Journal, 70, p. 769-780; Sept. 29; p. 783-794; Oct. 6; and p. 797-808; Oct. 13, 1922. Cantor 
Lecture. Abstracted in Engineering, 1/3, p. 729-730; June 9; p. 763-764; June 16; p. 794, 
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June 23; p. 828-829; June 30, 1922. Study of mechanical measuring instruments: definitencss 
of position; turning pairs; frictional aberrations; screw pairs; backlash friction; variance, 
accuracy and sensitivity. History of “geometrical” constructions. A very important theo 
retical and practical paper. 

Mechanical Testing, Batson and Hyde, 2. Contains considerable material on materials- 
testing machines and instruments. 

Dictionary of Applied Physics, Edited by Sir Richard Glazebrook, in five volumes: (1 
Mechanics, engineering, heat. (2) Electricity. (3) Meteorology, metrology and measuring 
apparatus. (4) Light, sound, radiology. (5) Aeronautics, metallurgy, general index; 1922-1923 

Technical Measurements in machinery investigations, and in plant operation, for use in 
mechanical laboratories and in practice. A. Gramberg, published by Springer, (Berlin 
502 p. 326 illus. 4th edition; 1920 (new edition 1923). Includes 10 page bibliography to 1913 
but mainly considerably earlier. 

Photography as a Scientific Implement. A collective work by Conrady, Davidson, Gibson 
Hislop, Laws, Monypenny, Moss, Newman, Rodman, Sheppard, Wastell, Webb, Winter 
botham; 549 pages. Blackie & Son, Ltd., London; 1923. An important work treating all 
significant applications of photography to physics, metallurgy, mechanical engineering, 
surveying. Well illustrated. 

Der Austauschbau (Interchangeable Manufacture and its practical application) Otto 
Kienzle, editor. 320 p.319 figures, 24 tables, Springer, Berlin 1923—with a chapter of 37 pages 
on measuring tools in interchangeable manufacture, by G. Berndt. An excellent and compr: 
hensive treatment. 

Test Code on Instruments and Apparatus. Preliminary draft for criticism—Mech. Eng 
45, No. 2, p. 116-120, 5 figures; Feb. 1923. 

Errors in the Estimation to Tenths on the Centimetre Scales of Levelling Instruments 
K. Liidemann. Zeit. fur Instk. 43, p. 33-50 and 113-120; Feb. & Apr. 1923. Exhaustive stud) 
of problem of estimation to tenths of graduations. 

Aeronautic Instruments, Franklin L. Hunt, Bureau of Standards, Technologic Paper 
237; May 16, 1923, 64 pp. Descriptive paper, very well illustrated. 

Life Testing of Mechanical Instruments, F. J. Schlink, Journ. Opt. Soc. of Am. & Rev. o/ 
Sci. Instruments, 7, No. 11 (Nov. 1923), p. 1031-42. Published in somewhat abridged forn 
by Am. Soc. of Mech. Engineers as publication No. 1881. 

The technique of measurement (German) Heinrich and Bercovitz (Leipzig). 

Measuring Instruments, in Section 15 of Marks’ Mechanical Engineers’ Handbook, p 
1670-1696, by J. A. Moyer—giving approximate prices and in some cases, range of accuracy 
of usual instruments. 

Expression of the accuracy of measuring instruments. A. Barbagelata. L’Elettrotecnica 
p. 371, 3 pages; June 25, 1919. 


MEASUREMENT AND PRODUCTION OF SMALL LINEAR AND ANGULAR 
DISPLACEMENTS AND DISTANCES 


On the motion of level bubbles, J. Bonsdorff. Zeit. f. Instrumentenkunde, 28, p. 344, 2 
pages; 1908. 

Adherence of flat surfaces, H. M. Budgett. Proc. Roy. Soc. London, 86, p. 25, 11 p.; 1911 

The testing of plane surfaces, P. E. Shaw. Proc. Roy. Soc. London, 86, p. 227, 74 p 
1911-1912. 

Determination of the torsion of revolving shafts by prisms or mirrors, and its application 
to torsion dynamometers (German) Vieweg and Wetthauer. Zeit. f. Instk, May 1914. Se« 
also on this subject, Engineering, Dec. 12, 1919, Wm. Knight, on St. Cyr aerodynamica! 
balance for testing model propellers. 
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Levels. E. O. Henrici. Abstract of Opt. Soc. proceedings, in Engineering; Dec. 20, 1918 
i:ffect of imperfections of tube on variations of sensitiveness. 

Indicating and contour gages, John E. Collins, Machy, N. Y. 26, No. 8, pp. 732-736, 
11 figs.; Apr. 1920. 

The optical flat—a practical measuring tool, H. L. Van Keuren. Am. Machinist, 4 p.; 
July 15th, 1920. 

Photographic recording of small motions, F. H. Norton, Tech. Notes No. 22, Aerodyn. 
Lab. at Langley Field, Nat. Adv. Comm. for Aeronautics, Nov. 22, 1920. 

New dial micrometer indicator, The Engineer, p. 76-77; Jan. 21, 1921. Gowlland instru- 
ment, guaranteed correct to .0001 in.; range .1 in. Other valuable features. 

\ method for measuring small angular movements, A. Pflueger, Phys. Zeit. 22, Feb. 1, 
1921. (see also in same journal 20, 1919, p. 543, L. Pungs and G. Preuner). 

Spreading of micrometer frames, G. Berndt, Betrieb, 3, No. 19, p. 574-581, 12 figs. June 
25, 1921. Results of experiments and development of methods of calculation of semi-circular 
frames. : 

Recording ultra micrometer, J. J. Dowling, Engineering, Sept. 9, 1921. 

Sensitive Measuring apparatus, J. B. Moran. Machinery, 28, No. 1, p. 36-37, 2 figs. 
Sept. 1921. Describes electrical device capable of measuring to 1/200,000,000 inch (Whidding- 
ton’s ultramicrometer). 

Microscope slow motions, H. Boas, Zeit. f. Instk. 4/, p. 299-304, Oct. 1921. Irrregular 
and sometimes retrograde readings found in calibration of depth measuring microscopes. 

A simple apparatus for micro-manipulation under the highest magnifications of the micro- 
scope. Robert Chambers, Science, Oct. 28, 1921. Ingenious mechanism for minute controlled 
movements in a plane, in two directions at right angles. 

Accuracy requirements for micrometers and magnifying levers. G. Berndt, Der Betrieb, 
No. 9, p. 280-4; Feb. 11, 1922. Proposes tolerances. 

Galvanometer method for producing at a distance a magnified record of a mechanical 
motion. Frank Wenner. Phys. Rev. Apr. 1922, abstract. 

Gage block comparator, Machy. 28, No. 9, p. 689-693, 6 illus. May 1922.—very sensitive 
mechanical apparatus for checking precision gages. 

Development of Lever-Gage Measurement, Max Kurrein, Werkstatts-technik, 16, 
no. 20, pp. 613-616, 8 figs.; Oct. 15, 1922. 

A device for recording electric contact using an electron tube generator and a radio 
frequency spark, Chas. T. Zahn, Journ. Wash. Acad. of Sciences, pp. 412-416, Nov. 4, 1922. 
Includes suggested application to high speed, balanced-diaphragm indicator; accurate to 
1/2500 second. 

Electrical Conduction across Minute air-gaps, James W. Broxon, Phys. Rev. 20, No. 5, 
pp. 476-485; Nov. 1922. Resistances varied according to Ohm’s law, and unaffected by radium 
emanation. Conduction believed due to dust particles. Considerable conduction up to 2 to 
1 wave lengths of .546y. 

A study of commercial dial micrometers for measuring the thickness of paper, P. L. 
Houston & D. R. Miller. Bureau of Standards Technologic Paper 226; Dec. 1922. Diagrams 
of mechanisms, and study of performance. Includes specifications for dial micrometers. 

Electrical apparatus for measuring small motions, H. A. Thomas, The Engineer, 135, 
pp. 138-140, 12 figs.; Feb. 9th, 1923. Uses high frequency electric oscillator, and galvan- 
ometer. 10-* to 10~ inch measurable using variable shunt. Readily applicable to almost 
any moving element. Necessary to apply only thin sheet of tin-foil to object under test. 
Usable for analysis of transient conditions in engineering structures, and pulsating liquid 
and gaseous pressures. 

Optical Strain gages and extensometers, L. B. Tuckerman, A.S.T.M. meeting, June 1923. 
A new optical system and instrument. 











314 F. J. SCHLINK [J.O.S.A. & R.S.1., 9 


An Extensometer Amplifier, S. R. Williams, J. O. S. A. and Rev. Sci. Instruments, 7, 
No. 11, pp. 1011-13, 3 figs.; Nov. 1923. Mechanical amplifying device giving magnification 
cf 65000. 

New optical measuring methods for tool and machine construction. A. Steinle, Ma 
schinenbau, 3, No. 9, pp. 244-9, 15 figs.; Feb. 14, 1924. 


THEORY AND MEASUREMENT OF VIBRATIONS; MEASUREMENT OF 
SPEEDS AND TIME INTERVALS 


Investigations on the oscillations of balances, D. Mendeléeff, Proc. Roy. Soc. 63, pp. 454 
1898. Experiments on knife edge friction. 

The Sperry pallograph, Engineering, p. 205, illustrated, Mar. 3, 1916. 

Notes on the vibration frequencies of elastic systems, M. D. Hersey, Journ. Wash. Acad 
of Sciences, 7, p. 437; Aug. 19, 1917. 

Centrifugal Tachometers on the principle of the conical pendulum, Zeit. Ver. Deutsc| 
Ing. Nov. 16 and 23, 1918; abstract in A.S.M.E. Journ. March. 1919. 

Mass Damping (Massendimpfung) O. Martienssen. Zeitschrift fiir Instrumentenkunc: 
39, No. 9 pp. 265-273, 12 figs.; Sept. 1919. Describes method for damping mechanical oscilla 
tions, by which a mass within the oscillating body is displaced with expenditure of energ 
Extended mathematical treatment. 

Testing of measuring instruments for the recording of rapidly fluctuating quantities 
Hans Zélich. Wissenschaftliche Veréffentlichungen aus dem Siemens—Konzern. J, March 
1920. Springer, Berlin. A complete statement of dynamics of the problem, with nomographs 

Oscillations of a mechanical system with finite amplitude and their quanta. Born and 
Brady, Zs. f. Physik, 6, 2 pp. 140-152; 1921. 

On the measurement of rotational velocities with the help of stroboscopic phenomena in 
the alternating current arc-light, Erich Giinther, Phys. Zeit. July 1, 1921. See also Zs. fiir d 
Phys. und Chem. Unterricht, 34, Heft 3; 1921. 

Measurement of time intervals with a galvanometer having fluxmeter characteristics 
P. E. Klopsteg, Phys. Rev. Jan. 1922. 

A portable instrument for measuring vibrations in buildings. P. G. Nutting, Jour. Opt 
Soc. of Amer. 6, pp. 629-632; Aug. 1922. For amplitudes .001 to 0.1 mm. 

Measurement of very small time intervals by the charge on a condenser (German 
Abstract, with useful bibliography, of important recent developments in this problem 
Elektrotechnische Zeit. 42, Oct. 19, 1922. See also Physical Rev. 15; July 1920. Phil. So 
Proceedings, 58, 1919. No. 6. Gen. Elec. Review, //, p. 690, 1922. Proc. Royal Dublin 
Soc. 16, p. 165; 1921. 

Technical Applications of oscillatory Processes (Oscillation Technology) Zeit. Tech 
Physik, pp. 265-272 and pp. 281-284; 1922. Closed oscillatory circuits, open oscillator) 
circuits, and coupled circuits. Analogies with springs and masses. Treats energy inter 
changes; frequency determination, damping, coupling, maximum reception of energy. 

Instruments for observation of vibrations (jarring), C. Mainka, Z. Tech. Physik, Nos 
5 & 7, 1922. 

Notes on damped vibrations, H. S. Rowell, Phil. Mag. +4, pp. 284-5; July 1922. Case of 
constant frictional resistance, as that due to solid friction. 

An electric method for registration of vibrations in machines, Schmalz, see abstract in 
Elektrotechnische Zeitschrift, No. 42, p. 1283, Oct. 19, 1922. “Liquid sheet” microphone in 
bridge circuit connected to recording galvanometer. 

High Speed Photography of Vibrations, Augustus Trowbridge, Frank. Inst. Journ. /9/ 
No. 6, pp. 713-729, 11 figs.; Dec. 1922. 

Application of the principle of resonance to mechanics, Hans Bourquin, Elek. Anzeige: 
40, Nos. 22 & 23, pp. 165-6, 171-2; Feb. 7 and 8, 1923. Connections between oscillating and 
rotating parts by means of elastic couplings. Great improvement in efficiency and lif 
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A Method for the Accurate Measurement of Short Time Invervals, by Harvey L. Curtis 
and Robert C. Duncan. Bureau of Standards Scientific Paper 470, 1923. Oscillograph 
method, using tuning fork at 500 cycles. 

Linear, exponential, and combined dampings, E. H. Barton, H. M. Browning, Phil. 
Mag. 46, pp. 399-406; Sept. 1923. Study of solid and fluid frictional dampings in arithmetical 
and geometrical progression. 


FRICTIONAL AND OTHER TYPES OF HYSTERESIS AND THEIR 
RELATION TO INSTRUMENT DESIGN AND TESTING; 
ACCURACY, SENSITIVITY, AND VARIANCE 


Knife Edge Friction, Board of Trade Report on Weights and Measures, Appendix 14; 
1906-7. Friction measured in various types of balances. 

Hysteresis Errors of Electricity Meters Containing Soft Iron Armatures, W. M. Stine 
Elec. World, 33, p. 200, (2p); 1899. 

Theory of rolling friction (German) Alfred Lechner, Wien. Berichten. 122 (2a) pp. 2069- 
2098; 1913. 

Manufacture and Testing of prismatic compasses, F. E. Smith, Nat. Phys. Lab. Collected 
Researches, /3, 1916, also in Trans. Opt. Soc., 16, 1915-1916. Very useful treatment of 
frictional error and method of determination of uncertainty due thereto. 

Investigation of a steam engine governor, Anton Gramberg, Dingler’s Polytech. Journ. 
Feb. 23, 1918, pp. 25-30. Study of characteristic effects of friction. 

Experimental determination of the coefficient of rolling friction, Zeitsch. f. Instrumentk. 
38, p. 145 (Sp.) Sept. 1918. Finds difference between rolling and rocking frictions. 

Variance of measuring instruments and its relation to accuracy and sensitivity, by F. J. 
Schlink, Scientific Paper 328, Bu. of Standards, Sept. 30th, 1918, 33 pages, 7 illustrations and 
in Bulletin Bureau of Standards, 14, No. 4, July 12, 1919, pp. 741-64; reprinted in Engineering 
of Feb. 14, 1919, 107, pp. 220-224. 

The determinateness of the hysteresis of indicating instruments, F. J. Schlink, Jour. 
Wash. Acad. of Sciences, Jan. 19, 1919. 9, No. 2, pp. 38-45. 

The concept of resilience with respect to indicating instruments, F. J. Schlink, Journ. 
Frank. Inst., 187, No. 2, pp. 147-71; February 1919. 

The calibration function in indicating instruments. F. J. Schlink, Engineering, 108, 
No. 2798, pp. 204-6; Aug. 15th, 1919. 

Photographic measurement of frictional resistance to rolling (French), Jules Anirade, 
Comp. Rendus, 170, No. 4, pp. 225-6; Jan. 26th, 1920. 

New facts about surface friction, Ch. Terzaghi, Phys. Rev. 16, No. 1, pp. 54-61; July 1920. 

Theory of Sliding and Rolling Resistance of Solid Bodies, A. Fuchs, Phys. Zeit. 22, pp. 
173-77; Mar. 15, 1921. Surrounding atmosphere has large effect. Air layer a species of lubri- 
cant. 

Rolling Friction. Osborne Reynolds, Phil. Trans. Roy. Soc. 166 No. 1. Also in Osborne 
Reynold’s collected papers, /. An analysis of the causes of rolling friction. 

Friction of pivotal movements; A. Jacquerod, L. Defossez. H. Mugeli. Arch. des Sci. 5, 
pp. 305-9; July-August 1923. Horizontal pivots, 0.9 mm diameter: f=fye~”++Aw (f =coeff. 
of friction, #=angular velocity, f), \ and A constants of the bodies. Results similar to Stri- 
beck’s for larger pivots. 


DYNAMOMETERS,— MEASUREMENT OF FORCE, (EXCEPT WEIGHING 
SCALES) TORQUE, AND ACCELERATIONS 
A new dynamometer, Georg Wazan, Zeit. Ver. deutsch. Ing. 56, No. 7, pp. 268, (3p) 1912. 


A double plate-spring enclosing liquid. Deflection measured by change in volume of the 
liquid. Adapted to testing machines and Brinnel apparatus. 
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Dynamometer for calibration of testing machines, E. Sauvage, Bull. Soc. d’Encourag: 
ment, 117, pp. 789-791, June 1912. 10,000 Kg. instrument, accurate to 25 Kg. Consists of 
elliptical ring, gripped by shackles of testing machine; extension of major axis measured | 
micrometer screw. 

An optical load-extension indicator, together with some diagrams obtained therewit! 
W. E. Dalby, Proc. Roy. Soc. 86, p. 414; 1911-12, and 88%, p. 281; 12 pages, 1913. Extensometer 
effective up to rupture, including means for self-calibration. 

Calibration of Testing Machine Rev. de Mét. pp. 161-178; March 1915. Uses hollow cy! 
inder containing mercury and carrying capillary tube for index purposes. 

Apparatus for the direct determination of accelerations, B. Galitzin, Proc. Royal So: 
95, A, pp. 492-507; (1919). Piezo-electric crystal, photographically recording. 

Recording traction dynamometer and its method of use. Automotive Industries, Ap: 
15, 1920. Uses hydraulic pressure gage, and piston squeezing rubber bag. 

A new electrical torsion meter, Keinath, Dingler’s Journ. 335, No. 25, pp. 265-268; De: 
11, 1920. Changing air gap between two choke coils. A very suggestive method. 

A Simple Method for Torque measurement, W. Schmidt, Zeit Ver. Deutsch. Ing. 65 
No. 17, pp. 441-444; Apr. 23, 1921, 11 figs. 

Testing Machines giving elastic limit and modulus of elasticity. Guillery. Comptes 
Rendus, 1/73, pp. 907-9; Nov. 14, 1921. An ingenious new mechanism. 

A piezo-electric method for instantaneous measurement of high pressures. J. C. Karcher, 
Bureau of Standards Sci. Paper 445, 8 pages, Aug. 4, 1922. Quartz plate pile and superposed 
piston, electrically connected to ballistic galvanometer, requiring differentiation of deflection 
time curve. Proposed to be used for testing of materials testing machines. 

Cambridge Micro-Stress recorder (Anon) Engineering 1/5, p. 87; Jan. 19, 1923. 

Load measurement and checking with high accuracy, J. S. Primrose, Metal Industry 
(London), 22, No. 10, pp. 217-219, 4 figs.; March 9, 1923. Checking and calibration apparatus 
used on testing machines. 

Accelerometer for measuring impact. Earl B. Smith, A.S.T.M. paper, 26th Annual 
Meeting, June 25-29, 1923. Short period spring deflection device (disjoined indicating system 
registering maximum deceleration from 2 to 25 times acceleration of gravity. Deflection of 
spring 0.003 in. to 0.015 in. in various designs. 

New Developments in Electric Telemeters, O. S. Peters, R. S. Johnston,—A.S.T.M 
June 25-29, 1923. A carbon pile dynamometer, giving a linear, non-hysteretic curve, with 
stable characteristics. Deflections of the order of .002 in. Balanced bridge circuit used. 
Error 0.5% to 5%. Many applications. See also B. of S. Tech. Paper 247 by McCollum and 
Peters, 40 pages; Jan. 1924. 

A new electric torsion meter, G. Keinath, Ding., Poly. Journal, 335, No. 25, pp. 265-268, 
6 figs.; Dec. 11. Change in relative position of shafts changes air-gap of two choke coils. 

The Torsion Indicator. Handbook of instruments for measurement of output in power 
installations, with special reference to ship propulsion, and technical oscillation theory, 
arranged as electrical, mechanical and optical methods, Paul Nettmann; 3 vols. 150 illustra 
tions, 360 pages; 1912, 1915, 1923. M. Krayn, Berlin. 


MEASUREMENT AND CONTROL OF TEMPERATURE AND HUMIDITY 


The permanent changes of glass and the displacement of the zero point of thermometers, 
L. Marchis. Zs. f. Phys. Chem. 29, 26 p.; 1899. Valuable paper on thermal hystersis. 

Thermometric Lag. D. R. Harper 3rd, Bureau of Standards Scientific Paper 185, 56 
pages, 1913. The authoritative reference on this subject. 

Direct reading ohmmeter applied to electrical resistance thermometer, Jan. 12, 1920. 
Bureau of Standards report from British Ministry of Munitions, Tech. Dept. of Aircraft 
Production No. 638, July 1918. 
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Electric heat regulators (German), Elektrotech. Anzeiger, 36, No. 28 and 30; Apr. 3 and 
8th, 1919, pp. 135-6 and 145 6, 9 figs. 

\ furnace temperature regulator, P. White and L. H. Adams, Phys. Rev. /4; pp. 44-48; 
July 1919. Device holding small furnace constant for hours to 0.1°C at 500° to 1400°C. 

Thermostatic Metal, Henry Herman, Gen. Elec. Rev. p. 57, 3 illus. and curves giving 
deflection, thickness, temperature, force, and set relationships, Jan. 1920. 

Guoy Thermo-Regulator, T. S. Sligh, Jr. Am. Chem. Soc. Jour. 42, pp. 60-68; Jan. 1920. 
Uses oscillating contact point dipping periodically into mercury, every 0.3 to 3 seconds. 
Holds bath temperature to + .0001°C. 

\ precision galvanometric instrument for measuring thermoelectric E.M.F’s. T. R. 
Harrison and P. D. Foote, Journ. Am. Inst. of Elec. Engrs. 39, No. 2, pp. 165-176; Feb. 1920, 
11 figs. Method using ordinary millivoltmeter eliminating errors due to variable line resist- 
ance. Measures true E.M.F. in simple circuit, as if instrument were not connected. 

Total and partial emergent thermometers. Journ. Ind. and Eng. Chem., March 1921. 

Radiation Effects in Thermometry, C. S. Robinson. Journ. Ind. and Eng. Chem. p. 820; 
Sept. 1921. Effects of gas velocity, and temperature of nearby objects. 

A symposium on humidity measurement, Phys. Soc. of London, part 11, 34; Feb. 15, 
1922. A very important and comprehensive treatment. 

Thermometer Specifications, Report of A.\S.T.M. Committee D-15. Meeting of June 
26-30, 1922. Summary of existing specifications and proposed tentative specifications for 
partial-immersion thermometers. 

The N. & Z, transmitting thermometer. Gas Journal, 1/59, No. 3087, p. 94, 4 figs.; July 
12, 1922. 

Specifications for recording vapor-pressure thermometers and for pressure gages, F. J. 
Schlink. J. O. S. & Rev. of Sci. Instruments, 6, No. 7, Sept. 1922, pp. 713-18. With introduc- 
tory note explaining plan and genesis of the specifications for pressure gages and thermom- 
eters. Includes detailed constructional specifications and tolerances. 

The Arca regulators. Engineering, 1/15, No. 2980, pp. 167-170, 17 figs.; Feb. 9th, 1923. 
Mechanical device for controlling steam, air, and water pressures, temperature, humidity, 
etc. 

Report of Committee D-15 on Thermometers. Am. Soc. for Testing Materials. Advance 
paper 71, 12 p.; June 25-29, 1923. Proposed specifications for partial immersion thermometers 
and thermometers for use with Saybolt viscosimeter. 

The Measurement of steady and fluctuating temperatures, R. Royds, D. Van Nostrand 
Co., 162 pages, 1921. General information on mercurial, electrical and radiation thermo- 
meters, with chapters on mean temperature of a metal wall, and the measurement of rapidly 
fluctuating temperatures. 


WEIGHING SCALES 


For more exhaustive bibliography, consult the compiler, or refer to Bureau of Standards 
Division of Weights and Measures) 

Weighing Machines, Wm. Kent. Journ. Frank. Inst. 126, p. 169,—(22p); 1888. Perhaps 
the most important early article on the subject. 

On Weighing Machines, Wilfred Airy. Proc. Inst. of Civil Engineers (British) part 2, 
108, 64 p. illustrated, 1891-2. Important early article. 

Improved construction of scales for cars, Gruebeck. Zeit d. Ver. deutsch. Ing. p. 206; 
1896 

Contribution to the theory and construction of the weighing scale, F. Lawaczeck. Disser- 
tation, Tech. Hochschule, Braunschweig, 1906. 

Theory and construction of weighing scales, with especial reference to the n-fold multiply- 
ing lever scale. Thesis by F. Lawaczeck, Braunschweig 1906, 80 p., prb’d by Rich. Di:tze. 
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Contribution to the theory of the beam scale, F. Maly. Deutsch. Mechanikerzeitung 
6, pp. 53-55; March 15, 1907. 

Weighing instruments having jointed systems (French), J. A. Bonneau, Paris, 1908, 
pub’d by Gauthier-Villars, 188 p. General theory. 

The construction of the balance (Weighing scale), E. Brauer, translated by H. C. Walters, 
1909. 314 p., well illustrated. Published by the Incorporated Soc. of Inspectors of Weizhts 
and Measures. Better read in original German when practicable. 

The sensibility of scales, C. A. Briggs. Scale Journ. pp. 5-7, 2 illustrations; June 1915 

Weighing Scales, by F. J. Schlink, Machy, (U. S.) 22, pp. 381-386, No. 5; Jan. 1916. 4 illus 
Also in Machinery’s Encyclopaedia, 1917. A general descriptive and theoretical article for 
engineers. 

Scales and weighing methods in industrial establishments, Herbert T. Wade. Indust 
Management, p. 613; Feb. 1917. See other articles by same author in Ind. Management and 
Management Eng’g. 

Center of gravity scale, S. W. Hartley. Am. Mach. 46, No. 13, p. 558; March 29, 1917 
Device for testing location of center of gravity of planer knives. 

Stabilized platform weighing scale by F. J. Schlink, Tech. Paper 106, Bu. of Standards 
28 pages, 20 figures; March 12, 1918. 

Important Technical Papers on Weighing Scales (a bibliography), F. J. Schlink, Scak 
Journal, 4, No. 11, p. 12; Aug. 10, 1918. 

Machines for rapidly weighing loads of a few milligrams, Journ. of Scientific Instruments 
p. 15; May 1922. Well illustrated. 

Tests of scales, F. Reichman in Gurley’s Handbook of Weights and Measures, published 
by W. & L. E. Gurley, Troy, N. Y. 

Theory of weighing scales, in Grashof’s Theory of Machines (German) 2, p. 722, 83 p 
Excellent treatment. 

Scales and Weighing. Their industrial applications, with special reference to contro! of 
plant operation, transportation, and commercial transactions, Herbert T. Wade, Ronald 
Press, N. Y. 1924; 473 pages, 116 figs. A compendium of information, mainly descriptiv: 
from diverse sources and covering the whole field of weighing devices. Presents elementary 
theory, and extensive information regarding practical applications. Includes specificatio: 
material and a useful bibliography of the field, both theory and practice. 


PRESSURE GAGES, MANOMETERS, ANEROID BAROMETERS 


Results of Tests of Vacuum Gages. A. Inokuty and S. Utimaru. Report of Colleg 
of Engrg., Tokyo Imperial University, 5, pp. 1-3; June 1903. 

Results of Tests of Pressure Gages. A. Inokuty, and F. Tanaka, Journ. College o/ 
Engineering, Tokyo Imperial University, 2, No. 3; Jan. 1905. 

The accuracy of pressure gages, Engineering, 84, p. 276; Aug. 23, 1907 and Remarks or 
Pressure Gages, p. 316; Aug. 30, 1907. Test of gages at Nat. Phys. Laboratory. 

Theory of Bourdon tube gages, Hans Lorenz, Zeit. Ver. deutsch. Ing. 54, p. 1865; 1910 
2nd half year. Elastic theory of the Bourdon tube, probably most important article on th« 
subject. 

The Chattock tilting manometer for measurement of small pressure differences, J. R. Pan 
nell, Engineering; Sept. 12, 1913. Phil. Mag. Jan. 1901. Reports and Memoranda of Advisory 
Comm. for Aeronautics (British), No. 242, 1915. An important type of extremely sensitiv: 
two-liquid manometer. 

Comparison of various pressure balances, L. Holborn. Ann. d. Physik, 54, p. 503; 1917 
New type, of 1000 atmospheres capacity. 

High vacua and their measurement. Engineering, p. 686; Dec. 13, 1918, Review of 
methods, and bibliography. 
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Aneroid barometers, E. Warburg and W. Heuse. Zeit. f. Instrumentenkunde, Feb. 1919. 
Means for reducing hysteresis. 

Measurement of Fluid Velocity and Pressure, J. R. Pannell, Engineering, Mar. 7, 1919. 
\ continued article of considerable importance. 

Tavel apparatus for gaging metallic manometers, Genie Civil, 76, No. 2; pp. 47-48; Jan. 10, 
1920, 1 fig. Mercury column in steel pipe, in ascending makes electrical] contact, giving read 
ing of pressure by lamp. 

Specifications for Bourdon Tube pressure gages for air, steam, and water pressure, and for 
use as reference standards, F. J. Schlink, J. O. S. and Rev. of Sci. Instruments, 6, No. 7 and 8, 
pp. 713-18 and 899-905; Sept. and Oct. 1922. Specifications developed by research, and suc 
cessfully used for commercial requirements. 

Differential Manometers, Report on gaging apparatus of M. Piette, Bull. de la Soc. 
d’Encouragement pour |’ Ind. Nationale, /33, pp. 321-324, 5 figs. 

The Ultramicrometer used as a differential micromanometer, L. Whiddington and A. Hare 
Phil. Mag. 46, pp. 607-8, Oct. 1923, Sensitive to 7X10 * mm Hg in differential use. 

Measurement of High Pressures, F. H. Newman; World Power, pp. 85-90; 7 figs, Feb. 
1924. Descriptive article. 

Effect of rotation upon the sensitiveness of absolute pressure measurements: A. Michels. 
Ann. d. Physik, 72, 4 pp. 285-320, Aug. 21, 1923. Applies theory of friction in lubricated 
journal bearings. Shows by theory and experiment that solid friction intervenes. 


ENGINE INDICATORS 


On the theory of the steam engine indicator, Osborne Reynolds and A. W. Brightmore. 
In Osborne Reynolds’ collected papers, 2, 1885, 40 pages, and in proceedings of the Inst. of 
Civ. Engrs. A monumental paper dealing with errors due to pencil, drum and linkwork 
friction, drum spring tension, drum inertia, stretch of cord, and oscillatory motions, and 
showing that very serious errors may be involved in ordinary use of the indicator. 

The indicator and its accessories, Anton Haus, /88, p., 219 illus. pub’d by Springer 1911. 

Distortion of Indicator Drum Motion, Julian C. Smallwood, Power, 36, No. 8. p. 252; 
\ug. 20, 1912. Effects of stretch of indicator cord. 

Limitations of Reducing wheels, Julian C. Smallwood, Power, 36, No. 13, p. 445; Sept. 24, 
1912. 

Indicators, J. C. Stewart. Journ. Inst. Mech. Engrs. 73 pages, Jan. 1913. Stucy of lag 
and related defects. 

New type of indicator for high speed internal combustion engines, A. Trowbridge. Power, 
53, No 18, pp. 704-8, 16 figs; May 3, 1921. Oscillographic recording of <b. with automatic 
development. 

A pressure indicator for internal combustion engines. J. Okill, Power, 54, No. 1, pp. 10-11, 
2 figs; July 5, 1921. : 

Micro-indicator for high speed engines (The Collins). Engineering. //3, No. 2945, p. 710, 
3 illus; June 9, 1922. 

Indicators for High Speed Engines, (Anon.) Engineering, //5, pp. 31-2; Jan. 12, 1923. 

R. A. E. electrical indicator for high-speed internal combustion engines, and gage fot 
maximum pressures, Harry Wood. Inst. Mech. Engrs. Proc., No. 2, pp. 137-146; Jan. 1923. 
5 figs. Royal Aircraft Establishment balanced indicator. 

Micro-indicator for high speed engines. Inst. Mech. Engrs. Proc. No. 2, pp. 127-135, 12 
figs; Jan. 1923. Cylinder and piston instruments, drawing micro-diagrams on celluloid. 

A new form of optical indicator, F. W. Burstall. Inst. Mech. Engrs. Proc. No. 2, pp. 111- 
125, 17 figs; Jan. 1923. 
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Problems of the engine indicator, Loughran Pendred. Inst. Mech. Engrs. Proc. No. 2, 
pp. 95-110; Jan. 1923. Inertia, spring vibration, drum and drum mechanism, springs, pistons, 
optically indicating instruments. 

High Speed engine indicators. Four papers read before Inst. of Mech. Engineers. Engin 
eering, 115, pp. 119-126; Jan. 26, 1923. (1) The problem of the engine indicator by Loughran 
Pendred, with analysis of main properties of important indicators from Watt’s (1800) to pres:nt 
day. (2) A new form of optical indicator, F. W. Burstall. (3) Micro-indicator for high speed 
engines, W. G. Collins. (4) R. A. E. electrical indicator for high speed internal combustion 
engines, and gauge for maximum pressures, Harry Wood. For discussion, see Engineering 
Jan. 26, (p. 95 and 119-126) and Feb. 16, 1923. (pp. 202-3 and 210-11). 

Measurement of Impulsive pressures, J. J. Dowling and J. J. McHenry, Beama /2, 
pp. 82-86; Feb. 1923. Steel diaphragm closing contact if and when pressure attains prec 
termined adjustable minimum value. 

New means of ascertaining mean pressure in a heat engine, H. E. Wimperis. Enginec: 
135, pp. 238-239, 7 figs.; Mar. 2, 1923. 

Engine Indicators. Engineer, pp. 236-7; Mar. 2, 1923. Showing the Midgely optical 
engine indicator, for gas engines, 8 illus. 

Precision high speed and weak spring indicator, Schiffbau, 24, No. 33-34, pp. 533-535 
9 figs.; May 16-23, 1923. 

Engine Testing Instruments, J. Okill, Automobile Engineer, /3, No. 176, pp. 150-15. 
20 figs.; May 1923. Notes on various optical indicators. 

Micro Indicators for High Speed Engines, Fower Engineer, /8, No. 210, pp. 351-2, 5 fig 
Sept. 1923. Collins indicator. 


PROPERTIES AND DESIGN OF SPRINGS 


(Detailed bibliography available on application to the compiler or to Joseph Kaye Woo 
c/o Westinghouse Electric and Manufacturing Co., East Pittsburgh, Pa.) 

Precision dynamometer springs, A. H. Emery, Jr. Am. Mach. 29, pp. 702-4, 5 illus.; 1906 
Design and test of springs used in traction dynamometer made for Pennsylvania R. R. 

The change of the modulus of elasticity and other properties of metals with temperature, 
F. C. Lea and O. H. Crowther, Engineering, 98, pp. 487-9; Oct. 16, 1914. 

On the thermodynamics of springs, H. Bock. Zeit. f. Instrumentenkunde, 38, pp. 109-115 
July 1918. Bears on elastic after-effect, and energy losses in watch spring. 


Elasticity of metals as affected by temperature, A. Mallock. Royal Soc. Proc. 95, 429, 


April 1, 1919. 


Design of Helical Springs, Joseph Kaye Wood. Am. Machinist, 54, No 15, pp. 628-632; 
Apr. 14, 1921. Nomographic Chart permitting rapid calculation, and full mathematical 
treatment; specially applicable to small springs. See also Design of flat springs by sam: 
author in July 14, 1921, number of Am. Machinist. 

Effects of Temperature on the Modulus of Rigidity of Solid Metals lincluding determina 
tions of viscosity and the equivalenc of elastic bysteresis.} Kei lokibe and Sukeaki Sakai 
Philosophical Magazine, 42, No. 249; Sept. 1921. 

Temperature Coefficient of the Modulus of Longitudinal Elasticity of Steel, H. M. Dadour 
ian, Philosophical Magazine, Sept. 1921. 

Calibrating Springs, C. Fremont. Comptes Rendus, /76, pp. 78-79; Jan. 8, 1923. Study 
of Springs used for measuring intensity of a blow, and relation of deflection to velocity of 
impact. : 

Oscillations and Fatigue of Springs, Joseph Kaye Wood. Am. Machinist, Jan. 11, 18, and 
25th and Feb. Ist, 1923. Discussion of damping, elastic hysteresis, fatigue, viscous lag; 
period of oscillation for all types. 
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How to select a spring material, Joseph Kaye Wood, American Machinist, Jan. 10, 1923. 
\ quantitative method for determining the suitability of a given material for springs is de- 
scribed. 


MISCELLANEOUS INSTRUMENTS 


(For bibliography on flow meters, refer to A. S. M. E. Special Research Committee on 
Fluid Meters.) 

Integraphs. See Dingler’s Journ. 275, p. 17, 1890, Zeit. f. Instrumentenk. p. 213; 1904, 
and the book The Integraphs (German) Abdank-Abramowicz. 

The densitameter, S. A. Shakespear. Engineering, p. 587; June 16, 1916. Specific gravities 
determined directly by the balance. 

Liquid measuring pumps. Tech. Paper 81, Bureau of Standards, (second edition) 27 p., 
27 illus.; Oct. 1917. For specifications and discussion thereof see reports of annual conferences 
on weights and measures of the U. S. published by the Bureau of Standards, (beginning 
with the twelfth). 


A new total immersion hydrometer, A. Angstrom & H. Petterson, Zeit. f. Instrumentk. 37, 
pp. 177-80; Sept. 1917. A glass bulb carrying chain which coils on bottom of container. 
Height to which bulb rises determines density. 

Area measurement of leather, F. J. Schlink. Tech. Paper 153, Bu. of Standards, 47 pages, 
16 figures; Apr. 24, 1920. 

Graphical Integration (German), M. Firani. Elektrotechnische Zeitschrift, No. 42, 
p. 1514; Dec. 29, 1921. Simple mechanical aids. 

AMERICAN ENGINEERING STANDARDS COMMITTEE, 
New York, Marca 1924. 


Liberation of Silver from Silver Bromide at the Rate of one 
Atom per Absorbed Quantum.—The experiments are performed on 
photographic plates consisting of emulsions of silver bromide, and 
require great care and labor in both of the essential measurements— 
that of the amount of light absorbed and that of the amount of silver 
liberated. The latter measurement forms a chemical problem which is 
solved by means which the reviewer is not qualified to judge; apparently 
the most delicate part of the work consisted in removing all the bromide 
and gelatine while losing none, or at worst a known amount of the 
silver. The former measurement is performed in two independent 
ways, by photometer measurements and by thermocouple measure- 
ments of the incident, reflected and transmitted light; the absolute 
intensity of the incident light is measured with a thermocouple cali- 
brated upon a Hefner lamp, a certain value for the mechanical equiva- 
lent of light being assumed. Monochromatic light of wave lengths 365, 
405, and 436 my was used. An essential question is, how much of the 
absorption occurs in the gelatine? To determine or at least assign a 
value for this, measurements of absorption were made on sheets of pure 
gelatine, as well as on the plates; it was assumed that the absorption of 
the plate at 4615 my, which is greater than that of the gelatine, is 
nevertheless entirely due to the gelatine, the difference occurring 
because the light is reflected to and fro in the gelatine from one particle 
of bromide to another, lengthening its path; the correction for shorter 
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waves is made by taking the observed values of absorption in pure 
gelatine and multiplying by the same factor. The difference between 
uncorrected and corrected values is taken to be the amount of light 
actually absorbed by silver bromide molecules, and is expressed in 
quanta and divided into the number of freed silver atoms. The quotient 
remains pretty close to unity so long as the number of quanta absorbed 
per cm? of film remains between 0.3 and 3-10", although the scattering 
of the individual data is considerable (1.08 to 0.82). As the amount of 
absorbed energy is increased the ratio drops off rapidly —|J. Eggert 
and W. Noddack (Berlin) ZS. f. Phys., 20, pp. 299-314; 1923.] 
K. K. Darrow 


Relativity—A Systematic Treatment of Einstein’s Theory. By 
J. Rice, M.A., Senior Lecturer in Physics in the University of 
Liverpool, England. 389 pages. Longmans, Green & Co., 55 Fifth 
Ave., New York, $6.00. 

This book gives a comprehensive and thorough treatment of relativity 
theory designed for the serious student of Physics and Mathematics 
who “‘is anxious to ascertain in a precise manner what changes this new 
idea is producing in the principles and content of physical science.” 
(We quote from the preface). The physical bearings are therefore well 
emphasized. 

The book is divided into three main parts besides a short intro 
duction: Restricted Relativity, General Relativity and World Geom- 
etry. In the first part, the author has spared no pains to make the 
distinction between the Lorentz theory of variable mass and length 
and the relativity view. This part includes a clear discussion of rela- 
tivity kinematics, the invariance of the electromagnetic equations, and 
a rather complete study of the use of tensor methods in the special 
theory. The treatment of proper time is unusually good. 

In the discussion of the general theory in the second part, care is 
taken to clear up difficult points and guard the reader against common 
errors. The author has also indicated “precisely the points of similarity 
between the Tensor Analysis for transformations with variable coefh- 
cients employed in Part II.”’ 

Part III includes the cosmological speculations of Einstein and 
DeSitter, the theories of Weyl and Eddington, and finally Einstein’s 
most recent generalization. A bibliography is appended. 

Throughout the book, time is measured in 1/c seconds. The reader 
is frequently reminded of the convention whenever misunderstanding 
might arise in the interpretation of results (e.g. m=E instead of the 
more usual m=E/c’). 

The clear and well-rounded presentation will make the book valuable 
to students of mathematical physics who care to give the subject the 
requisite thought. 


D. E. RicamMonp 
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SOME ELECTRICAL AND OPTICAL PROPERTIES OF NEON 
GLOW LAMPS 


Enocu KARRER AND A. PorITSKY 


The neon glow lamps have aroused considerable curiosity in the last 
few years. Some of their interesting characteristics have been described 
and many uses for them have been suggested. To these we shall 
scarcely make further mention, but we append a bibliography which 
may be of service in this connection. Our present purpose is to give 
some data bearing especially upon the relative intervals of light and 
darkness, and upon the distribution of luminosity over the potential 
cycle when the glow lamp is excited with alternating potential. We 
shall present some preliminary data too, bearing upon the efficiency of 
the lamp as a function of input wattage, and upon its spectrum. Upon 
these several aspects no observations seem to have been reported. 

Most of the data that we give here pertain to two neon glow lamps, 
one (No. 1) of which was imported (an Osram Glimmlampe) and the 
other (No. 2) was an experimental lamp made locally. 

The electrodes in both lamps were of the same size and of a shape 
suggestive of an acorn (see Fig. 1)—one electrode (2) being the basal, 
the other (1) the apical end of the acorn. 

We found that such a lamp may give very erratic behavior in its 
various characteristics when treated in various ways.” 

When the apical electrode of lamp No. 2 was the cathode (i.e., the 
Juminous electrode) in a direct current circuit the minimum potential 
required to produce glow (glow potential) is 155 volts, while the 
lowest voltage at which the glow will continue on reduction of potential 
(extinction potential) is 1377. When the basal electrode is cathode the 
glow potential is 165 and the extinction potential 150v. No auxiliary 
resistance is embodied in the lamp itself. A resistance of several 


! This and several other lamps of a similar kind were made under the supervision of Mr. 
R. F. Strickland whose co-operation we wish to acknowledge. Our data cannot be taken as an 
adequate basis of comparing these lamps. Much greater liberty was taken with the experi- 
mental than with the commercial lamps. 

* So much so that a large number of observations which we had made on a batch of glow 
lamps whose common characteristics we desired to establish, displayed large and unaccounted 
for discrepancies. We had planned to continue this study with an improved photometer 
especially designed for low brightness and with a sufficiently sensitive wattmeter for quite low 
wattage. Since our work has suffered interruptions we are giving the preliminary data on two 
lamps only which were observed somewhat more in detail. 
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hundred ohms was usually in series with the lamp but potential drop 
was always measured across the lamp only. In the first experiments the 
' resistance had some inductance, which was later reduced to a negligible 
amount. In certain experiments when the lamp was connected directly 
to the terminals of a 50 W transformer no auxiliary resistance was in- 
serted. The voltage across the lamp was in the latter case always 
varied by adjusting the voltage on the primary terminals of the trans- 
former. 

















3 


Fic. 1. Sketch showing position and shape of electrodes in neonglow lamps. 1. apical ele: 
trode; 2 basal electrode; 3, leads. 


The voltage current characteristic of lamp No. 2 is given in Fig. 2 
where curve 2 (crosses) is obtained when proceeding from the lowest to 
higher voltage, while curve 3 (dots) is obtained on decreasing the 
voltage. (Voltage along abscissae is relative.) How the light in- 
tensity varies with the current through the lamp is depicted in curve 1, 
Fig. 2. If we proceed further with these data we find that they show a 
rather large decrease of efficiency (relative intensity of light per watt) 
as the wattage is increased. During these observations the lamp 
had been allowed to arc several times. Also the readings were made in 
quick succession, and this we found later affected results in a manner 
as to augment the lag that is so clearly indicated in Fig. 2. For these 
reasons observations were repeated more slowly with this lamp using 
a noninductive resistance too. How the voltage-current has changed 
may be seen in Fig. 3, curve 1. The lag is appreciably less. 

The slope of the curve is noticeably different. This is also the case 
with the curve 2 for relative intensity of light vs. current. Curve 3, 
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Fig. 3 indicates that the intensity of the light increases linearly with 
the wattage; while curve 4 shows that the efficiency (relative intensity 
per watt) may be independent of the wattage. For the observations 
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Fic. 2. 1 Relation between current through and illumination (relative) from lamp No. 2. 
Current—vollage characteristics, 2 (crosses) for increasing potential; 3 (dots) for decreasing 
potential ; for volts multiply by about 3.8. 


taken on increasing wattage this is strictly so, although those (only a 
few points) made on decreasing wattage seem to indicate higher ef- 
ficiency for lower wattage, as indicated by the dotted portion. We 
would be justified, however, in concluding that efficiency is independent 
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of wattage. To get better assurance on these points we repeated 
observations with lamp No.1 under identical conditions with the 
results plotted in Fig. 4. In this case the hysteresis is small. The 
current-voltage curve 1, is a straight line for the upper portion but is 
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Fic. 3. Characteristics of lamp No. 2 (repeated after lamp had arced). 
1. voltage vs. current (abscissae millamp. ordinates volts). 
2. intensity (relative) vs. amperage (for mean spherical candles multiply by .065.) 
3. intensity (rel) vs. wattage (for mean spherical candles multiply by .065). 
4. efficiency (relative) vs. wattage (for candles per watt multiply by .065.) 


slightly convex to the voltage axis for the lower portion. The intensity 
vs. current curve (2) is again almost a straight line; (concave to voltage 
axis) as is also the intensity vs. wattage. The efficiency (intensity + 
wattage) is, however, not like that of the previous lamp, but shows a 














Sept , 1924] PROPERTIES OF NEON GLow Lamps 327 


slight increase with wattage, the rate of increase being more pronounced 
for the lowest wattage. However, there are several details to which 
attention should be directed before one attempts to compare too 
minutely such curves as these. It will be noted that curve 1, Fig. 4 is 
a straight line down to the voltage where one electrode becomes non- 
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Fic. 4. Characteristics of lamp No. 1. 
. voltage vs. amperage. 
. intensity vs. amperage. 
. intensity vs. wattage 
. efficiency vs. wattage (multiply by 0.1 for candles /watt) 
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luminous. Some times, too, in lamps of this kind the spots of the 
electrodes which are first to become luminous are so situated that they 
cannot radiate effectively. One need not expect the efficiency of dis- 
charge lamps to vary with wattage regularly as is commonly the case 
with incandescent filament lamps. The distribution of radiant power 
among the various lines of the various series of the spectra of gases is 
not very well known; nor is it known just how the distribution may 
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change with current density for example. It has been found in case o! 
the sodium vapor discharge lamp that the efficiency decreases with 
current density.’ 





Fic. 5. Oscillographic record of voltage (v) amperage (c), and illumination (a,b.) 


213.6 volts, 140 milliamp. aa illumination from basal, bb from apical electrode; d, dar 
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Fic. 6. Relation between instantaneous current and potential. Data taken from oscillogram 


AA’ 131.20 10 ma. 
BB’ 139 23 
CC’ 257 138 


ordinates of AA’ to be multiplied by 1.6 for comparison with others 


Compton and Van Voorbis, Phys. Rev., p. 210; 1923 
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The latter may be an unusual case since the radiation and ionization 
potentials are so low that the associated wave length of the radiation are 
in the photic region. Another point which must be taken into account 
when the wattage is increased by increasing the voltage, is the fact 
that the portion of the potential cycle during which light is produced 
becomes greater. Some observations upon this last point we shall give 

\ 





Fic. 7. Oscillograms to show the relative increase of dark interval (i.c., no current) when voltag 


is decreased. 
A 183 v. 52 ma 
B 139 v. 20 ma 
These curves being too faint for reproduction were retraced with some irregularities resulting. 
The relatively horizontal portion is the dark interval.) 


after we have considered the oscillograms giving a record of current, 
voltage and in some cases illumination. A typical oscillogram for 
lamp No. 2 is reproduced in Fig. 5. The voltage (v) assumes a rather 
constant value after the current (c) has begun to flow. In general the 
current curve is steeper when the current is increasing than when 
decreasing. This is more evident in the curves of Fig. 6 which are 
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obtained from oscillograms for three values of voltage across the lamp 
(AA’, 131.2; BB’ 139; CC’ 257). The greater abruptness of rise than 
of fall is brought out at the bends of the curves. The falling curve lies 
in general under the ‘rising’ curve for these instantaneous values just 
as in the voltage-current curve of Fig. 2. This is not always true, how- 
ever, as some of our oscillograms indicate. It has been found by others’ 
that there may be either positive or negative hysteresis in the voltage- 
current curves. 

In the oscillogram of Fig. 5 the streaks marked ‘“‘a’’ and “‘b”’ are a 
record of the instantaneous values of the illumination on the oscillo 
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Fic. 8. Relation between the dark interval and current. 


graph drum. This record was obtained by focusing an image of the 
luminous electrodes onto the drum, around which is secured the photo- 
graphic film.’ The broken line a is the record due to one electrode, 
and b that due to the other. 

The interval (marked d) between any two consecutive dashes repre- 
sents the interval of darkness, and corresponds to the interval when no 
current flows. When the voltage is decreased this interval of no current 
and of darkness is relatively increased as is shown in the oscillograms 
of Fig. 7 for A, 183 volts (v) and B, 139 volts. The interval of darkness is 


* Ruettenauer, Zs. f. Physik, p. 33; 1923. 
5 The oscillograph used was an old type of the Siemens-Halske Company. 
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represented as a function of the current in Fig. 8. For the highest 
current allowable through the lamp this dark interval is about 10%, but 
becomes 80% at the point where the electrodes are just fully covered 
with glow. For commercial lamps of this kind one might expect a dark 
period of nearly 40%. 

The instantaneous values of the photic power radiated during a cycle 
may be obtained by a study of the photographic density of the streaks 
a and b of the film from which the print of Fig. 5 was made. We were, 
however, able to measure the distribution of brightness through the cycle 
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Fic. 9. Distribution of the intensity (relative) of light through the potential cycle. 


directly by a special photometric set up to be described elsewhere.* 
The observations that are plotted in Fig. 9 were obtained under voltage 
and current conditions depicted in the oscillogram of Fig. 5. The 
resulting curves are a form of exponential curve, somewhat asymmetri- 
cal with respect to the maximum. As the current-voltage curves were 
seen to be steeper on ascent than on descent, so also are the brightness 


*J. Fr. Inst. 198, p. 93, 1924. 
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curves. Certain aspects of relationship are more clearly brought out 
in Figs. 10 and 11. In Fig. 10 are plotted the instantaneous values of 
current voltage and photic power through a cycle. 








Fic. 10. Curves showing the relative instantancous values of voltage v, amperage c and illumination 
A.B. through the potential cycle. 
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Fic. 11. The instantaneous illumination plotted as a function of amperage. 


On Fig. 11 the photic power (relative) is plotted against the current 
for one cycle. The lag between current and illumination seems exces- 
sive especially in the second half of the cycle, where our photometric 
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measurements were less numerous. There does, however, appear to be 
some hysteresis like effect between the flow of electricity and the 
emission of light. If the lag were symmetrical and opposite in the two 
halves of the cycle, errors due to instrumental shift could be effectively 
invoked. Since our photometric measurements were not so numerous 
as desirable, we give this curve to show how the illumination and current 
are in a general way related through the potential cycle, without dwell- 
ing upon the apparent lag between them. 

Among the various uses that have been suggested for neon glow lamps 
is that as an illuminant for the photographic dark room. From this 
viewpoint the spectrogram of Fig. 12 is of interest. The neon spectrum 
has been thoroughly analysed® and is known to consist of many series 
of lines. The first radiating potential of neon is about 11.8 volts’ 
having associated with it radiation of wave length .105y (far in the 
ultraphotic® region). The first ionization potential is about 16.7 volts 
giving the spectral term of .074u. It must be clear, therefore, that there 
must be present ultraviolet radiation whenever the luminous glow 
appears. There are also reasons for believing that this ultraphotic is 
more intense than the photic radiation (principally the orange in this 
case). The short wave radiation is strongly absorbed by the bulb 
glass, thus limiting the spectrogram in that region. The lime glass 
used in lamp bulbs begins to absorb rather intensely at .34y and in- 
creasingly so until at .300u the transmission is only a few per cent. 
Although any one line of neon is very faint and scarcely comparable 
with any one of the significant mercury lines, yet, the large number of 
lines of neon somewhat makes up for this in certain parts of the spec- 
trum. Our conclusion is, therefore, that the spectrum of neon can not 
be encouraging to those who have suggested the neon glow lamp as a 
dark room illuminant,—but rather is suggestive of other applications 
for it where use may be made of a weak ultraviolet spectrum. 

NATIONAL Lamp Works or G. E. Co., 

CLEVELAND, OHIO. 
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Cause of the ‘‘Low-voltage’’ Arc in Helium Gas.—Investigating 
the arc which is maintained in helium gas between a heated cathode and 
a cold anode, with a voltage far below the resonance potential of the 
gas, (as low as 10.5), Bar, Laue, and Meyer found that it could not be 
maintained when the tube was connected directly to the terminals of a 
13-volt battery without any resistance coils, galvanometers, etc. in 
series. This suggested to them that the arc is maintained by virtue of 
high frequency oscillations which carry the voltage above the resonance 
potential at short intervals. This they tested in numerous ways; they 
connected an inductance between the tube and the battery, and could 
maintain the arc; they short circuited the tube with a 2uf capacity 
and the arc ceased; they heard a humming sound in a telephone con- 
nected in series with the arc, and transformed it into a musical tone by 
connecting a small (0.5 uf) capacity across the tube, under which cir- 
cumstances the arc operated at 6 volts; they used a rotating mirror on 
this 6-volt arc and found it broken into successive discharges separated 
by dark intervals. By using a three-electrode tube as a peak voltmeter 
in one of the accepted ways, they showed that the peak voltage always 
exceeded 20 during the maintenance of the arc, even when the steady 
applied voltage was as low as 12 volts. Various experiments were then 
performed with circuits in which capacities, inductances, and resistances 
were connected in a two-mesh network to the tube; the values of the 
adjunct capacities and inductances influenced the frequency, but its 
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value could not be calculated by assuming these to constitute the entire 
reactance of the oscillating circuit, and depended on filament current, 
arc current, electrode separation and helium pressure. Oscillations 
could be obtained with no adjunct capacity whatever and inductances 
of the order of 0.1 henry; they were above audiofrequency, and were 
measured in some cases as 3.10*—3.10° cycles. These oscillations were 
independently observed by Eckart and Compton, who by employing a 
high voltage (120-volt) battery (with a series resistance sufficient to 
reduce the DC voltage across the tube below the resonance potential) 
could obtain them even when the inductance ‘was as nearly as possible 
eliminated.”’ In addition they observed oscillations when the DC 
voltage across the tube exceeded the ionizing potential, but there were 
no oscillations when it lay between the ionizing and resonance potentials. 
The German observers also detected no oscillations when the DC 
voltage exceeded the resonance potential. Eckart and Compton 
observed the effect in mercury vapor, but not in hydrogen or nitrogen. 
They conceive that when ionization commences, the space charge near 
the cathode becomes positive and permits so large a current to flow that 
the potential drop across the series resistance rises so high as to cut 
down the voltage across the tube below the resonance potential; 
ionization then ceases, the positive space charge is replaced by a nega- 
tive one, the current and the voltage across the series resistance sink, 
and the cycle starts anew.—[R. Bir, M. v. Laue, E. Meyer (Ziirich and 
Berlin); ZS. f. Phys. 20, pp. 83-95; 1923. C. Eckart, K. T. Compton 
(Princeton); Science 59, pp. 166-168; 1924.] 
K. K Darrow 


Do X-rays suffer a Change in Wave Length on Reflection from 
Crystal Planes?—Suppose that they do, and that Bragg’s relation 
sin 6=/2d nevertheless connects the angle of reflection @ with the 
incident wave length X. Suppose further that a beam of x-rays is 
dispersed by a revolving crystal and received on a plate in the usual 
way; if a substance having a critical absorption wave length Apo is placed 
in the beam between crystal and source the absorption edge will appear 
in a certain place on the plate; if the substance is placed in the beam 
between crystal and plate the absorption edge will be displaced by an 
amount corresponding to the wave length shift of the reflected rays. 
This can easily be seen by considering the component of the primary 
beam (before incidence on the crystal) having \; (Ao>A1>A.+Ad, 
where Ad represents the wave length shift) ; it will be within the absorp- 
tion band if the absorbent is placed between crystal and source, but 
not if it is placed between crystal and plate. This is Kulenkampff’s 
argument. He looked for the effect, using crystals of calcite and of 
rocksalt and absorbing plates of Fe, Ni and Zn and working in the 
vicinity of the K absorption edge; there was no indication whatever 
of it—{H. Kulenkampff, Munich; ZS. f. Physik, pp. 17-19; 1923] 

K. K. Darrow 
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AN INCANDESCENT LAMP WITH A QUARTZ WINDOW 
By Dona.p C. STOCKBARGER 


As is well known, there is a demand for a source of ultraviolet whose 
spectrum is continuous throughout the range of the ordinary quartz 
spectrograph. Perhaps the most convenient source is the quartz in- 
candescent lamp, but the cost of such a lamp is comparatively high, 
and an experienced quartz blower’s services are required whenever 
repairs have to be made. That repairs are unavoidable is evident when 
we consider that the filament must be operated at an abnormally high 
temperature in order to extend the spectrum far into the ultraviolet. 
Not only is the life of the filament short, but the darkening of the bulb 
becomes serious. 

G. Gehlhoff' has described a glass incandescent lamp having a quartz 
window cemented to the end of a tube. Such a construction has obvious 
advantages, but generally it is found better to avoid the use of cements 
as far as possible, especially in apparatus which should be heated 
strongly during fabrication. 

J. Franck and W. Grotrian* have described a modification of the 
Gehlhoff lamp whose lower part, together with the filament, can be 
removed readily. The ground joint is sealed by means of sealing wax 
which is kept cool by immersing the lower part of the lamp in water. 

It is the purpose of this paper to describe a lamp which, it is hoped, 
will be of interest to anyone requiring a source of continuous ultra- 
violet. It is similar to the Gehlhoff lamp except in the construction of 
the side tube. 

The side tube, which is 5/8 of an inch inside diameter by about 6 
inches long, is a graded lime glass-to-quartz joint on the end of which is 
sealed a ground and polished plane fused quartz window. This tube is 
sealed on the side of a special 6.6 ampere series type, nitrogen filled, 
tungsten lamp having twice the usual length of filament. The filament 
leads have been bent in such a way as to shorten the distance between 

filament and window, and to eliminate any possibility of reflection by 
the leads into the tube, as is seen in the accompanying photographs. 

In preliminary experiments a similar lamp, without the side tube, 
operated on 7.3 amperes for more than 80 hours without burning out. 


1G, Gehlhoff, ZS. f. techn. Physik J, p. 224; 1920. 
2 J. Franck and W. Grotrian, ZS. f. techn. Physik 3, p. 195; 1922. 
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It is expected that a life of approximately 100 hours can be realized, 
which would be sufficient for several months of service under ordinary 
conditions. 

The following tests on the lamp were carried out with a Hilger quartz 
spectrograph using an orthonon plate. The distance of the filament 
from the slit was 13 1/2 inches. The slit width was 0.01 mm. The 
exposures were 1, 2 and 6 minutes at currents of 7.35, 7.35 and 7.30 
amperes, respectively. The ultraviolet limits were found to be 2350, 
2300 and 2250 A., respectively. In each case, the intensity over the 
last 50 A was weak, but the photographic blackening over the re- 
mainder of the spectrum was sufficient. 


iy 








Fic. 1. Side view, showing side tube with fused-en window. 


The lamp can be operated on a 25 volt source or on the ordinary 
115 volt power supply if the voltage is constant. 

The advantages of the lamp lie in its permanence, portability, and 
ease of repair. The tube can be sealed on any standard lamp having the 
proper size and shape of filament, so that special construction is un- 
necessary. Side tubes of the graded joint type, of almost any size, can 
be made for sealing on pyrex, lime glass or lead glass. The length of 
the tube is sufficient to prevent much, if any, blackening of the window. 

The side tube was made by the Cooper Hewitt Electric Company, 
Hoboken, N. J.; and the special lamps used in the preliminary studies, 
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as well as the final assembled lamp, were made by the Hygrade Lamp 
Company, Salem, Mass., to both of whom I am greatly indebted for 
their generosity. The work was done through the courtesy and coopera- 





Fic. 2. Front view, showing shape of leads and position of filament. 


tion of Mr. L. J. Buttolph and Mr. J. R. Fuller of the above mentioned 
companies. 
Rocers LABORATORY OF Puysics, 


ELECTROCHEMICAL DIVISION, 
Mass. INSTITUTE OF TECHNOLOGY. 


Notes on Silvering of Glass by the Formaldehyde Process.— 
This process is economical and very rapid. Only one bath is required. 
It has been employed for mirrors more than 20 cm in diameter. 

The process discussed is that of M. J. Izarn, who simplified the 
procedure suggested by M. Louis Mumiére. One begins by making sure 
that the distilled water to be used in making the bath and for washing 
the glass does not give a precipitate with nitrate of silver and that it is 
neutral. 
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The ammoniacal solution of silver nitrate is prepared by placing 
15 grams of silver nitrate in a glass stoppered liter flask partly filled 
with distilled water. Commercial concentrated ammonia (about 22 
Baume) is added. About 17 cc is required. A little less is used and then 
the remainder added drop at a time until the precipitate is just dis- 
solved. The solution is then watered to 1 liter and its temperature 
noted and recorded on the label. If preferred, one may allow a slight 
precipitate to remain and on pouring out the quantity desired for use 
at any time may add a very small crystal of silver nitrate, agitating the 
solution until the precipitate disappears. In the making of the solution 
colorless crystals should be used. 

To find the proper proportion of the commercial formaldehyde to 
use a trial should be made. Place about 13 drops in a small porcelain 
dish and add 15 cc of the silver sclution agitating the dish and watching 
the reduction. If the amount of formaldehyde is correct the liquid 
takes on a rose violet hue in a few seconds and has the typical aspect of a 
colloidal solution. The color quickly changes to blue, then to iron gray, 
and finally to bright metallic. The reduction, which takes about a 
minute, is complete when the liquid contains clearly defined clumps. 
There is insufficient formaldehyde if the solution remains gray or yellow 
and appears muddy. Too much of it causes the reduction to take place 
too rapidly, and the silver does not take on a metallic appearance and 
is easily rubbed off. 

The operation is easy with new glass or with glass that has just been 
polished with rouge. In resilvering it suffices to wash with nitric acid, 
rubbing with a cotton pad and washing well with distilled water leaving 
the glass immersed. Old surfaces may be difficult to silver. If rouge 
cannot be employed one may treat the glass with a mixture of potassium 
permanganate and concentrated sulphuric acid, aqua regia, and finally 
with a solution of potash. 

The dish in which the silvering is to be done may be washed at the 
same time. The fingers should not touch the cleaned surfaces. 

Temperature is important, the proper value for the glass seeming to 
be that marked on the label of the silver solution. 

The thickness of the silver deposited is about 50 millimicrons. 

If lines are to be ruled in the silver this should be done immediately 
after silvering. 

A chamois skin on a pad of cotton is first used in polishing the surface. 
The effect of this is to compress the silver and give it a solidity that will 
withstand the final polishing. A second pad charged with English rouge 
it then used with great care. 

For semi-silvering it is well to reduce the speed of the reaction by 
adding a volume of distilled water 1/10 the volume of the bath em- 
ployed.—{M. A. Cotton, Revue d’Optique, 3, pp. 57-64; 1924.] 


G. W. Morritr 
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A CURVATURE GAUGE 
By Cuester K. WENTWORTH 


The gauge described below has been used by the writer to measure 
the radius of curvature of corners and edges of pebbles and cobbles 
in the course of his study of their shapes. An earlier form of the instru- 
ment was referred to briefly in 1922, but since this reference is probably 
not generally known to instrument users and since the gauge has been 
constructed in a simplified form it is thought desirable to publish the 
following note. 

The instrument consists essentially of a wedge which slides in a 
split block, Fig. 1. The bearing surface of the wedge is the upper 
margin of the long central slot which slides on two cylindrical brass 
bushings. These are carried between the two parts of the split block 
on the screws which are shown in the face of the instrument. The 
lower and parallel part of the wedge below the bushings serves only for 
stiffness and is not involved in the measuring function of the instru- 
ment. The upper margins of the two parts of the split block are formed 
to a cuspate curve as shown in Fig. 1. The edge of the pebble to be 
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measured is applied to this curve so that the axis of the nearly cylindri- 
cal surface is normal to the plane of the curve and with the pebble 
surface in contact with it on both sides of the cusp. The wedge is then 
moved toward its small end until its upper surface comes in contact 
with the surface of the pebble as a third point and the radius of curva- 
ture in millimeters is read on the scale as shown. 

The unique feature of the instrument lies in the form of the cuspate 
profile. Fig. 2 illustrates the derivation of this curve. Circles a, b, c, d, 
and e, having their centers on the line MN, have radii in geometrical 
series so that 

To Tb Tc a 
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1 Wentworth, C. K., U. S. G. S. Bull. 730 C, pp. 94-95; 1922 
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Circles a, b, c, d, and e are so arranged on line MN that their nearest 
points to M lie on a uniform scale and their distances from M are thus 
in arithmetical series. The curves HJ and JK are the envelopes of this 
series of circles. From the derivation it will be seen that they have the 
property that a series of tangent circles having their radii in geometrical 
series will have their nearest points to a point M arranged in arithmeti- 
cal series along the line MN. 

The use of such a profile for the saddle points of the gauge together 
with the uniform slope of the wedge achieves the result that constant 
ratio differences between the radii of cylindrical surfaces are read by 
constant linear amounts on the wedge scale. The wedge scale of radii 
is therefore a logarithmic one which may be read at all points with the 
same relative or percentage accuracy. As in all logarithmic scales the 
range of similar accuracy in reading is very greatly increased. 
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An improvement, not embodied in the instrument shown in Fig. 1, 
would be to so skew the screws and bushings that the upper surface 
of the wedge would be at right angles to the line of symmetry of the 
cuspate profile. In the instrument shown the upper surface of the 
wedge has the attitude imposed by its slope and does not impinge on 
the precise lower point of the pebble which is being measured. There is 
thus introduced a slight error in the meaurement of larger radii especial- 
ly if the curves be other than circular. Though the profile was con- 
structed with considerable care it was found to have slight deviations 
from the theoretical form and the actual scale marked on the instrument 
was determined by calibration. 
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Because of the large range of the scale and the consequent low slope 
of the wedge the instrument is not one of great accuracy. With clean 
cylindrical surfaces radii of curvature may be measured within perhaps 
3°% commonly. Estimation on the scale is somewhat more accurate 
than the friction contact and it is possible that greater resulting 
accuracy would be attained if the scale were made slightly shorter 
ind the wedge correspondingly steeper for the same profile. 

In summary the gauge has the following characteristics: 

1. Accuracy of 3 to 5% in measuring radii of curvature from 1 to 100 
millimeters. 

2. Uniform percentage accuracy over the entire range. 

3. Simple, staunch construction. (Designed for field use in studies 
of stream and beach pebbles.) 

4. Lack of glass or other fragile working parts. 


BrisHop Museum, 
Hono.vutu, T. H. 


A New Method of Demonstrating Equipotential Surfaces in 
the Electromagnetic Field.—The authors sought to develop a 
method which would be convincing to students in its demonstration of 
equipotential surfaces. The method consists of producing an alternating 
magnetic field and exploring this field by means of a small search 
coil connected to a telephone headset either directly or through vacuum 
tube amplifiers. As a specific illustration the authors describe first the 
mapping of equipotential lines in a plane surface consisting of a sheet 
of paper mounted on a drawing board. Twe laminated bar magnets are 
placed so that their axes lie in one of the bisecting lines of the paper 
with the poles slightly projecting over the edge of the paper. Magnetiz- 
ing coils are provided so that like poles face each other. The exploring 
coil is conveniently mounted on a circular card arranged to facilitate 
plotting the line. When the axis of the coil coincides with the line of 
ferce the response in the telephone is maximum. When the coil is 
turned perpendicular to this position the tone becomes either zero or a 
very perceptible minimum. A 3-stage amplifier permits exploration of 
the field by the search coil to more than a meter from the poles of the 
exciting magnets. The authors describe the exact procedure in plotting 
the equipotential lines and discuss the possible criticisms of the method. 
To prove that the field consists of equipotential surfaces rather than 
lines they suggest cutting templets, one straight edge of which lies in 
the axis of symmetry of the field, while the curved edge is defined by 
one of the equipotential lines intersecting the axis. If this templet 
is so placed that the straight edge corresponding with the axis of 
symmetry is located in its proper position on the axis, the search 
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coil placed anywhere on the curved edge will indicate the minimum 
as the templet is revolved about the axis. The demonstration thus 
shows that equipotential surfaces are surfaces of revolution.—{A new 
method for representing equipotential surfaces in electromagnetic 
fields. Martin Beghardt und Erich Giinther, ZS. f. den Physikalischen 
und Chemischen Unterricht, 36, p. 1; 1923.] 

Pau E. Kiopstec 


X-RAYS.—By G. W. C. Kaye, 4th Revised Edition. Pp. xxu+ 
320, Longmans, Green & Co., 1923. $5.00 


The purpose and scope of this book, as stated in the author’s preface, 
is to present the main principles of x-ray radiology and enough of 
the physics involved to give students of physics, and particularly 
medical students, an understanding of the development of the subject 
since Roentgen’s discovery of x-rays in 1895. It is not intended to 
serve as a treatise or handbook on x-rays. The author has maintained 
in the present fourth edition, which involves considerable revision to 
bring the book up to date, the same purpose and with the same com- 
mendable success as in previous editions. 

About half of the volume is devoted to a discussion of the technique 
of practical radiology and x-ray equipment. A short but important 
appendix on X-ray protection with practical recommendations, which 
are of utmost value to the practical roentgenologist, has been added 

The book begins with a brief discussion of the phenomena of electrical 
discharge tubes which led to the discovery of x-rays. This is followed 
by chapters on the characteristics of x-ray tubes, methods of measuring 
x-rays, and the more important physical properties of X-rays as such. 
Practical applications are then considered. These are followed by a 
chapter on the diffraction of x-rays by crystals which describes briefly 
Laue’s theory of x-ray diffraction in crystals and the important 
developments of x-ray spectroscopy which have resulted from the 
pioneer work of the Braggs and Moseley. The book closes with a short 
chapter on the nature of x-rays. Several tables of physical constants 
relating to x-ray data and practical suggestions relative to high 
vacuua and electrical insulation are included in the appendix. 

A fuller discussion of the epoch-making work of Bohr, which is 
barely mentioned, would have been welcome and one of the gaps in 
the periodic table of the elements to which reference is made has been 
filled by the discovery of hafnium by the methods of x-ray spectroscopy 
since the new edition went to press. These are to be considered, how- 
ever, only as evidence of the rapid growth of the subject in many 
directions, to which the author refers in the preface to this edition, 
and do not affect the purpose or usefulness of this excellent volume. 


F. L. Hunt 
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AN ELECTROSTATIC VOLTAGE MULTIPLIER 
By ALFrep W. Simon 


If a variable condenser is charged to a potential V, when its capacity 
is C, and if its capacity is then changed to C2, the voltage across the 
condenser becomes V2, where V; is given by: 

Vo = CiV1/C2 

This can be demonstrated very nicely by connecting a Braun electro- 
static voltmeter, or an electroscope, across a variable air condenser. It 
also serves as a convenient method of charging an electroscope, or any 
system of small capacity, to a definite high voltage from a low voltage 
source. Used in this way, the variable condenser becomes essentially 
an electrostatic voltage multiplier. 

The transformation ratio r is given by the equation: 

r = (C; + C3) / (Ce + Cs) 

where C; is the capacity of the system to be raised to high potential- 
Obviously, if r is to be large C,+C; must be large compared to C:+C;; 
or, since C, will usually be small, this means that C, will have to be 
large compared to C;. In general, therefore, the maximum capacity 
of the variable condenser will have to be much larger than that of the 
system to be charged, and this fact limits the application of this method 
to charging systems of small capacity, since otherwise the required 
variable condenser becomes too unwieldy. 

However, a method of charging capacities even larger than that of 
the variable condenser immediately suggests itself. If the system 
to be charged is connected to the variable condenser only at the instant 
when the voltage across the latter has reached the proper (high) value 
and is disconnected while the variable condenser is charged and varied, 
charge can be continually transferred to C; until the voltage of C; 
becomes equal to the potential V2 given by: 

V2 - CiVo / C2 (4) 
where Vo is the voltage to which C, is originally raised, i.e., the voltage 
of the source. 

The action of such a device can readily be followed theoretically. 

If V, represents the potential of C; after m transfers (or cycles) we 
have: 

Van = (C3Vn-1 + CiVo) / (C2 + Cs) (5) 
345 
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By substituting for V,-; its value in terms of V,-2, and so on, it can be 
readily verified that V, is given by: 

V, =CWoK (1+ K+ K?+ - + + + K*)/Cs (6) 
where K has been substituted for the expression: 

K = C2/ (C2 + Cs) 
Summing the series we obtain: 
Vn = CiVoK (1 — K")/C3 (1 — A), 7) 

from which 


Vo CiVoK /C3 (1 — K) = Cio / Cz (8 
This agrees with the result already deduced above, namely equation (4). 
It is readily seen that C,/C; plays the role of the transformation 
ratio rather than (C,+C3)/(C2+Cs3) as was the case for the preceding 
type of voltage multiplier. In other words, the capacity of the system 
to be charged does not affect the transformation ratio. 
From (4), (7), and (8), it is obvious that V, can also be written 


V. = Veo (1 — K*) (9 
= Ve. (1 — e**), (10) 
where 
B= log. a. j 


If V, is plotted for various (integral) values of n, the points will fall 
on the exponential curve given by equation (10). 

Solving (9) for n we obtain: 

n = log(1 — V,/ Va) / log K 

From the last equation the number of turns required to produce 
any given value of the ratio V,/V, can be calculated: in particular, 
the number of turns required to raise the potential of C; to 99% of its 
final value. 

The ideal efficiency of a machine of this type in charging a condenser 
can be shown to be approximately 2/3. In the ideal case, the only 
energy lost is that lost when C, and C; share their charges. If Al, 
represents the energy lost at the mth sharing, we have: 

Al, = C3 (Va — Va-1)? / 2(C2 + Cs) - 
The total energy, E, lost after m sharings is: 





ep RPNOAR ME AT Se 2 


Ex = )) C3 (Va — Vn-1)? / 2C2 + C3) 
1 


rnres 





Substituting for V,.. its value, V.(1—A*"), and summing the 
resulting series, we obtain: 
E, = C2V~? K (1 — K**) /2(1 — K?) 
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from which: 
E, = C3V.* (C2 + Cs) / 2(C2 + 2Cs) 
When the machine is used to charge C;, the output O is given by: 
O = CW? /2 
hence the ideal efficiency e¢ is: 
e = (C2 + 2C3) / (2C2 + 3C3) (14) 
his reduces to 2/3 when C; is small compared to C3. 

Of course, after C; is once charged, the ideal efficiency becomes very 
nearly equal to unity, the machine now serving only to balance the 
loss due to leakage. 

As a concrete example of the application of this theory, suppose a 
system of 500 cm capacity is charged by means of a variable condenser, 
for which C, is 1000 cm and C; is 50 cm, and a source of potential of 
100 volts. 

From equation (8) we find V,, to be 2000 volts., 
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From equation (9) the values of V, corresponding to various values 
of m can be calculated. This has been done and the results plotted in 
Fig. 1. 

It is seen that 100 turns suffice to make V, practically equal to 
2000 volts. If the machine makes 20 revolutions per second, 5 seconds 
are required to produce this voltage across 500 cm of capacity, and 
this would correspond to an average current of: 

500 x 2000 x 10°/9 x 10" x 5 =2/9 microamperes. 
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From equation (14) the ideal efficiency is easily found to be 65.6°;. 
A device making use of these principles has already been described 

by Brenzinger' and also by Regener.” 

In Brenzinger’s machine the condenser takes the form of two paralle! 
plates, the change in capacity being effected by varying the distance 
between the plates. Regener’s machine is essentially the same except 
that one of the plates is a semi-conductor. 

An improved machine, which was designed not only to charge up 
but to maintain the electrode of an ionization chamber at a constant 
potential of some 2000 volts, is one built in this laboratory. In this 
machine (Fig. 2) the variable capacity takes the form of a rotary plate, 
air condenser, of which the fixed plates are supported on bakelite pillars, 
while the rotating plates are carried by a steel shaft and balanced by 


o] fe 





Fic. 2 


means of two brass sectors S so that they can be rotated at high speed. 
The shaft also carries a bakelite arm A, at the outer end of which 
there is mounted an amber insulated brushholder carrying the contact 
brushes B, B. On the top of the fixed plates there are two studs D, D2, 
180° apart, opposite two corresponding insulated studs D’; D’:, which 
end in binding posts P; P:. These studs are so placed that the brushes 
B, B establish contact between P,; and D, at the instant when the 
capacity of the condenser is a maximum, and between P; and Dz when 
the capacity is at, or near, the minimum. In addition the system 


1 Strahlentherapie, 16, 1923. 
2 Zt. f. techn. 3, p. 220; 1922. 
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P, D:’ is mounted on a slider, which can be displaced over a short 
range in the direction of rotation by means of an adjustable screw,the 
corresponding stud D, being lengthened in proportion, so that it is 
possible to vary the capacity C; corresponding to the instant of contact. 
This serves as a fine adjustment for the voltage. The coarse adjustment 
is made by varying the line voltage. The shaft is motor-driven and 
kept in operation continuously when it is desired to maintain a given 
system at a constant potential. 

Needless to say, the rotating plates are made the grounded set, since 
this makes it possible to construct the case, bearings, shaft, etc. entirely 
of meta], and leaves only the contact brushes, the two studs D,’ D,’, 
and the fixed plates to be insulated. This is readily accomplished by 
means of bakelite or amber in the way already described. 

In conclusion I wish to thank Professor Arthur H. Compton for the 
interest he has shown in this work, and Mr. Ralph D. Bennett for 
his help in the construction of the machine. 


RYERSON LABORATORY, 
UNIVERSITY OF CHICAGO. 


A Band in the Iodine Spectrum, ascribed to Electrons 
attaching Themselves to neutral Iodine Atoms.—Franck has 
suggested that when a free electron attaches itself to a neutral 
electronegative atom, there is radiated a quantum of energy 
equal to the “electron affinity’ of the atom (in appropriate units) 
augmented by the kinetic energy of the electron just before it was 
drawn to the atom. Gerlach and Gromann have discovered a band in 
the ultraviolet spectrum of iodine vapor excited in a quartz tube by the 
electrodeless discharge (to avoid contamination of the vapor); this 
band has a sharp edge on the side towards longer waves, at 3460 A, and 
is without discernible structure; it becomes more conspicuous as the 
temperature is raised and the molecular band spectrum of the iodine 
vapor yields to the atomic line spectrum, its position remaining un- 
affected. Assuming that its long wave edge corresponds to the “‘elec- 
tron affinity” of the atom (without supplementary kinetic energy) 
we get 81.8+0.2 éal./gm mol. for this quantity, which agrees remark- 
ably well with the values calculated from the constants of solid KI 
and solid NaI by Born’s theory. The breadth of the band (not clearly 
defined) indicates a maximum supplementary energy not exceeding 
0.2 volt. It seems probable that another band near 4800 which fades 
out along with the molecular spectrum, is due to the electron affinity 
of the I, molecule. Other bands indicate a vibrational frequency of 
215cm*. A new band spectrum emitted by mercury vapor in a quartz 
tube excited by the electrodeless discharge, is ascribed to Hg: mole- 
cules, the previously-known band spectrum of “mercury” being 
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assigned to HgNa molecules due to reactions with the walls of glass 
tubes.—{W. Gerlach, F. Gromann; ZS. f. Phys. 18, pp. 239-248, 1923. 
Phys. ZS. 24, pp. 467-469, 1923] 

K. K. Darrow 


Excitation of Spectra of Ionized A, Kr and Xe by Electron- 
Bombardment and by the High Frequency Electrodeless Dis- 
charge.—Exciting these gases in narrow tubes by the field of a high 
frequency current through a coil around the tube, the Blochs and 
Dejardin observe four spectra appearing in succession as the voltage 
is increased; at first the arc spectrum, then the first spark spectrum 
appearing near the edge of the tube and gradually creeping to the 
center, and so forth. Bombarding the atoms of these gases by electrons 
from a hot filament, Dejardin observes that the arc spectrum appears 
at 15.2, 12.7, 10.9 volts, respectively (with an uncertainty of 0.2 volt); 
the first of the additional spectra at 34.0, 28.25, 24.25 (uncertainty of 
0.5); the second of these at 70, 59, 51 (uncertainty of 2 volts). Still 
others lines of the third of the high excitation spectra appear to require 
still higher voltages. It appears thercfore that the spectra of once, 
twice, and thrice ionized atoms of the three gases have been produced, 
and the critical potentials for single, double, and triple ionization 
determined. (The agreement between his and Hertz’s recent value for 
the first ionizing-potential of argon is excellent). [L. Bloch, E. 
Bloch, G. Dejardin; C. R. 178, pp. 766-769, 1069-1071; 1924.] 

K. K. Darrow 


Experiments indicating Expulsion of H-nuclei from Atom- 
Nuclei of Light Elements.—Kirsch and Pettersson enclose radium 
emanation in capillary tubes of glass or silica, part of each tube being 
covered internally with metal foil or an oxide film, while the rest of the 
tube is bare; the numbers of long-range particles emitted from the two 
parts of such a tube are counted (by the scintillation method) and th« 
difference is considered to consist of long-range particles expelled from 
the metal atoms. The observations upon Al agree well with those of 
Rutherford and Chadwick; observations on Sc, V, Co and As gave 
negative results (i.e. proving that not more than 1/20 as many particles 
of range 17 cm can be expelled from any of these as from Al). The be 
havior of the tubes indicated, however, that H-nuclei of range 12 cm 
were expelled from silicon atoms. The silica tubes were therefore 
replaced by metal troughs covered with lids of very thin copper foil. 
and the H particles issuing through these were counted, additional! 
absorbing layers being inserted in their paths so as to study the dis 
tribution-in-range after the manner of Rutherford. The results with 
salts of Be and Mg and with elementary Si indicated that H-nuclei are 
expelled from these atoms with ranges of 18, 13 and 12 cm respectively. 
|G. Kirsch and H. Pettersson, Vienna; Phil. Mag. 47, pp. 500-512; 
1924.] K. K. Darrow 
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A VISUAL METHOD OF MEASURING 
SHORT TIME INTERVALS* 


By HERBERT GROVE DorsEY 


The operation of this machine is based on the principle of persistence 
of vision enabling one to read the position of a flash of light in a Geissler 
tube wherever it may occur while in rapid rotation. A disc carries a 
-mall Geissler tube back of a narrow radial slot. Slip rings and brushes 
make connection with the tube and the disc is rotated by a motor. 
Concentric with the disc is a graduated circular scale, and the flash 
of light being practically instantaneous gives a readable indication at 
almost any speed of rotation. More than one flash may be read during 
a single revolution and with slight practice the positions of three 
flashes may be easily read to half divisions on a scale 20 cm in diameter 
divided into 100 parts. This gives a method of measuring the time 
interval between the start and finish of one or two events occurring at 
unexpected times. 

The Geissler tube may be operated by a spark coil operated by a 
hand key opening the primary circuit or if from a distance by a relay. 
It may be operated direct from an oscillatory circuit with thermionic 
tubes, and the latter may be operated by a trigger tube or the circuit 
may be kept oscillating during any interval which is to be measured. 
In this case a series of flashes extending over a definite portion of the 
scale will be shown. If the frequency of oscillation is high enough, 
say 10,000 cycles per second or more, the flashes appear as a continuous 
band of light, the beginning and end of which is easily read on the dial. 
Still another method has been tried in which an amplifier circuit is 
supplied with a known constant frequency, as from a tuning fork, and 
the circuit kept closed during the interval to be measured. In this case 
there will be twice as many sparks as cycles duration, and for a thousand 
cycle fork each spark would represent .0005 second. The speed of 
rotation need not be known since the accuracy will all depend upon 
that of the fork. From 3 to 10 sparks may be easily counted with 
certainty. 

If the Geissler tube illumination is sufficiently actinic or if the tube 
is replaced by a spark gap between metals the sparks may be recorded 
photographically. 

If a period of time longer than a single revolution is to be measured 
a second wheel may be geared to the first, and run, say one tenth as 
fast and the position of the flashes noted on both dials. 

* All rights reserved. 
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The machine shown in the photograph was built for a special purpose 
in which the dial rotates 240 times per minute or four times per second 
and is graduated to 100 divisions on the inner dial, each division 
corresponding to .0025 second so that the instrument reads fathoms 
directly when used for determining ocean depths by the echo method. 





Fic. 1. Fathometer. 


In this machine a frequency meter of the reed type is used to indicate 
the speed of the machine which may be regulated by a potentiometer 
tap for the armature voltage and an adjustable resistance in the field. 
The frequency meter is operated by alternating current of 30 cycles 
taken from slip rings on the armature of the D.C. motor running at 
1800 rpm. In this machine the signal is sent into the water when the 
Geissler tube on the disc goes through zero of the scale so that the 
flash due to the echo gives the reading direct in fathoms. 

RESEARCH LABORATORY, 


SUBMARINE SIGNAL CORPORATION, 
Boston, Mass. 

















A VARIABLE MICA CON DENSER 
By Hersert Grove Dorsey 


A new type of Variable Mica Condenser which has proved quite 
useful in tuning electrical circuits is shown in the photograph. A 
number of plates of copper foil and phosphor bronze are alternated 
with sheets of mica between, the copper projecting at one end and the 
phosphor bronze plates at the other end, The plates are all assembled 
between two aluminum castings which are clamped together by screws. 
The projecting ends of the copper plates are all soldered together 





forming one terminal and the phosphor bronze plates have their edges 
placed ina straight line at an angle of about 15 degrees so that a screw 
having a 30 degree conical point at its end will, when screwed forward, 
touch the plates successively, connecting two or more in parallel as may 
be desired. The aluminum plates and screw form the other term inal. 

A convenient small condenser has about 18 pairs of plates 32 X45 mm 
separated by mica 40 x50 X0.1 mm with capacity of about 0.0002 uf 
minimum to about 0.018 uf maximum. A larger size has about 20 
pairs of plates 70 x50 mm separated by mica 70100 by 0.1 mm and 
has a capacity from .001 to 0.1 uf. 
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These condensers are especially useful for resonating circuits where 
it is not necessary to know the exact capacity and where the tuning can 
be changed by steps. Since the capacity remains constant wherever 
set, it may easily be measured by a bridge when necessary. A small 
condenser may be used in parallel with a larger one so that values 
smaller than the individual steps can be obtained or the condenser may 
be made with steps of almost any amount by using different thick- 
nesses of mica. 

GLOUCESTER, MAss. 

+» 

Intensity of Rays Scattered from a Rocksalt Crystal in Various 
Directions.—In making measurements on x-ray scattering the first 
precaution is to avoid or correct for the reinforced scattering which 
takes place in certain directions owing to parallel atom-layers in the 
substance. “‘Amorphcus” substances have been used, but it appears 
increasingly doubtful whether any substance, even a liquid, is truly 
amorphous and without vestiges of regularity in the arrangement of its 
atoms. One might also take an excellent crystal, locate the directions 
in which reinforced scattering occurs, and avoid these directions in 
making measurements; and by making such measurements it would be 
possible to make interpolations for the directions in which there is 
reinforced scattering, and so determine the value which the scattering 
in these directions would have but for the reinforcement. This is done 
in the experiments of Jauncey and May, because by virtue of a certain 
geometrical relation it is possible te determine the scattering coefficient 
directly from these interpolated values without knowing the absorption 
coefficient, which would be essential in interpreting values of scattered 
intensity in any other directions. In their experiments the x-ray beam 
falls on the front face ef a crystal lamina about 1 mm thick, cut parallel 
to the 100 planes; the angle of incidence is given various values a, 
and the intensity of the ray scattered at angle 2a and emerging through 
the rear face of the crystal is determined by the interpolation method. 
The intensity of the primary beam is also measured, so that the values 
given fer scattering coefficient are absolute. The scattering begins 
abruptly at about 5°, shoots up very rapidly to a maximum near 15°, 
descends to a minimum at 100° and rises again as 2a approaches 180°. 
The maximum is double, which the authors ascribe to the hetero- 
geneity of the x-ray beam used (rays from a Mo target filtered through 
Zr). From about 60° onward the deviation from the well-known Thom- 
son curve (based on the assumption of electrons vibrating in unison 
with the waves) is comparatively small, though unmistakable; the 
situation is about the same for the theories based on Compton’s 
assumption of elastic collisions between quanta and electrons. [G. E. 
M. Jauncey and H. L. May, Washington University; Phys. Rev., 23, 
pp. 128-136; 1924.] K. K. Darrow 
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